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ANNOTATION 


This book contains basic concepts and questions about noise, which contribute 
to @ proper understanding of the characteristics of industrial noise as well as an 
experimental acousticai complex for the study of the noise factor. 


The largest part of the work is devoted to material characterizing the effect 
of noise (various parameters, continuous and interrupted noise) on the human organism. 
Special attention has been given to the effect of noise on the organ of hearing. 
This section contains some important date pertaining to physiological research, 
including the questions of adaptation and fatigue. Chenges in occupetionel hearing 
losses, caused by the prolonged effect of noise, are discussed. Data are given on 
the effect of an acoustic stimulus on the eye, motor analysor, on vibration sensi- 
tivity and the functional] state of the vestibular analysor, involuntary functions, 


and the cardio-vascular systen. 


Even more important are the authors' own data about the effect of noise on 
the functional state of the central nervous system. In this section it is concluded 
that both reactivity and lability of the cortex and subcortical structures ere 
reduced, evidently in proportion to the noise effect. The degree of these effects 
is determined by the force ox the noise. 


The authors have made a valuable contribution to the present understanding of 
those biochemical changes in the central nervous system which are caused .y noise. 
The fact that pulsed and steble noise affect tissue respiration of the cerebral 
cortex has been established: pulsed noise (especially nonperiodic) has an 
especially unfavorable, irritating effect. 

“Numbers in the margin indicate pagination in the original foreign text. 


111i 


fe* 


The book gives the first systematic description of noise sickness, distinguishing 
specific clinical syndromes. The authors emphasize that clinical symptoms of the 
effect of noise can be subdivided irto specific symptoms, which develop in the 
Corti organ, and nonspezific symptoms -— in various organs and systems of the 


orgenisn. 


In conclusion, measures are suggested for the prevention of the harmful effect 


of noise and medicinal prevention. 


The book is intended for physicians in various specialties, as well as for 


engineering and technical workers involved in combatting ncise. 


The monograph contains 73 illustrations and 51 tables. The bibliography cites 


over 430 literature sources. 
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FOREWORD 


During the entire course of his phylogenetic evolution, man has 

lived in a world of varfous sounds. These surround man anywhere and cverywhere; 

he lives amid them, sometimes not even hearing them. He has learned tc distinguish 
dangerous from safe sounds; some cause positive emotions, others, on the other hand, 
depress the psyche and stimulate the nervous system. Leaving the city in clear, 
windless weather, we are struck by the quiet. But this quiet is relative. As we 
move, particles of air all around us start to vibrate. These vibrations extend 

in e11 directions, they become diffused, are weakened and fade, are again strength- 


ened, creating a definite scund background. 


In the process of his phylogenetic development and adaptation to the outer 
world, man has learned to distinguish the nature of individual sounds. Sounds of 
the natural world surrounding us have the same frequencies, of which a frequency 
of about 1000 Hz is alweys present (according to data of the Acoustical Laboratory 
of Moscow State University); these sounds occur in the sensitivity zone of the ear. 
The structure of the ear, sensing sounds and a complex of them, differentiates cone 
vibration from another as vell as human voices. It detects their gradations, one 
word from another. The world of sounds allows us not only to enjoy them in nature 
surrounding us, but also to hear musical compositions and to communicat« with each 
other. Unfortunately, sounds often also cause negative emotions, cause sickness, 
and sometimes also bring psychic trauma. A confused complex of sounds, creating 
@ special sound background, often of considerable intensity, is for people a stress, 
leading to the development of a unique "sickness of modern life.” The psyche also 
sometimes suffers from the latter, and people must be protected fram it. 


The deve“opment of cities, the creet‘on of new mechanized means of transportation, 
growth and progressive development. of modern industrial technology, the creation of 
multi-cycle, high-powered equipment increase the inte:sity of noise, broaden the 
range of frequencies, and complicete thei~ character. Noise becomes dissimilar to 
that which man has been accustomed in the past. In the Middle Ages there was 
noise only in certain workshops, and in the time of the English Queen Elizabeth 
even noise "from playing the pipes" disturbed the resc of the population. Today 
when cities ere filled with traffic and industries, noise is an extremely negative 
environmental factor. 


Regarding noise in Paris, it has been shown that at 5 p.m. at Place St- 
Augustin it could drown out the noise of Niagara Fells, but one motorcycle, traveling 
along the streets of Peris et 3 - 4 a.m., can wake up 900,000 inhabitants. 

And so it goes in many cities of the world. Noise has become an enormously impor- 
tant social factor, causing considerable damage to the human organism. It is 
therefore not surprising that the fight against noise is a most important problen, 
attracting the attention of a wide range of people. Acoustics laboratories have 
been established in research institutes and collegee (medical, humanities, 
technical). 


Aithough in capitalistic countries little importance in attached to the battle 
against noise, and only a few individual groups of scientists are waging it witb 
workers in a few industries, in the USSR this question has been placed on the level 
of State undertakings. Various experts are involved in its solution — design 
engineers, acoustical physiciste and hygienists. Workers play an important role 
in combatting noise by often giving valuable information, as they are well acquainted 
with the noise background of their machinex. 


In order to combat noise properly, it is necessary to understand its physical 
characteristics and its effect on the organiam. Noise, arc a powerful envircnmental 
eotimulus, causes significant changes in the functional state of the organism and 
results in a new ailment of modern life — noise sickness. 


A great deal of experimental data and clinical observations have been 


accumulated in the past ten years making it possible to approach the evaluation of 
noise on the organiam in a new wuy, to determine its important characteristics, 
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spectral composition and intensity, to detect processes cecurring deep in the 
central nervovs system and the pathogenesis of the development of individual 


symptoms end synirames. 


The section on clinical observation of noise sickness was written in 
collaboration with E. A. Drogichina, L. Ye. Milkov 611 N. N. Shata-ov. 


The authors hope that the book will be of use “o specialists in various areas 


of medicine and technology. 


Prof. Ye. Ts. Andreyeva~Galanina 
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CHAPTER I 


PHYSICAL AND HYGIENIC CHARACTERISTICS OF NOISES 
(INDUSTRIAL), THEIR MEASUREMENT AND STANDARDIZATION 


Physical Cheracteristics of Noise 


By noise we usually mean a complex of sounds, unfavorably affecting the human 
organism, disturbing his work and rest. From the physical point of view, sound and 
noises are wave-like oscillatory propagations of particles of an elastic 
medium; noise is, as a rule, irregular, random vibrational processes. 


Sources of noise are vibrating solid, liquid or gaseous bodies. Usually the 
vibrating body is in an elastic medium and excites mechanical vibrations which dis- 
place particles of the medium (air) in the layer directly adjacent to the surface 
of the vibrating body. They are rhythmically compressed and dilated. Because 
of inertia and the elasticity of the medium, these compressions and dilatations 
are transmitted to neighboring particles, with the result that sound vibrations are 


spread in the free externul environment. 


Sounds which are diffused in the air are called air sounds, and vibrations 
diffused in solid bodies are know as structural sound or noise. The greater the 
amplitude of vibration of the sounding body, the greater the amplitude of the 


sound pressure and the corresponding force of sound or noise. 


Sound pressure is the variable pressure which develops in addition to 
atmospheric pressure in a gaseous or liquid medium when sound waves pass through 
it. Sound pressure is designated by the letter p and is expressed in dynes per 
1 cm? cr newtons per m* (a newton is a force which imperts to a body with a constant 
mass of 1 kg acceleration of 1 m/sec”). In the compression phase, sound pressure 
ids positive, but in the dilatational phase it is negative. The dynamic range of sound 
presswe perceived by the human ear is 2 © 10 °- 2 «© 107 N/m?. Under industrial 
conditions, these excess sound pressures in the medium develop with mechanical 
vibrations in frictional surfaces, with the mutual collision of separate parte, 
with vortices, etc. 


In simplest form, sound vibrational movements follow a sinusoidal law, whose L6 
oscillograph recording has the shape of a sinusoid. One of the basic characteristics 
of the vibrational movenent is the law governing its change in time. The tine 
during which the vibratory body makes one complete oscillation is called the period 
of oscillation (T) and is measured in seconds. 


The number of complete oscillations completed in one second is called the 
frequency of oscillations (f). The unit of measurement of frequency — hertz (Hz) 
— is equal to one oscillation per second. Frequency of oscillations determines 
the pitch of a tone. The higher the fremiency of oscilletions, the higher the tone 
of the audible sound. The period of oscillations and the frequency are related by 
the ratio 

Ts r 

The maximum deviation of the vibratory body or the maximum deviation of 
pressure from an equilibrium position in dilatation or compression is called the 
emplitude of oscillation. In view of the fact that sound pressure cannot develop 
without the movement of particles, in determining the characteristics of the field, 
measuring the vibratory rate of the particles is very important, i.e., determin'ng 
the instantaneous value of the speed of the vibratory movement of particles of the 


medium when a sound. wave is propagated in it (unit of measurement — m/sec). 


The distance in which the wave process can be propagated in one second is 
called the velocity of sound (C). In most media, the velocity of sound depends on 
the elasticity and density of the medium, and does not depend on the vibration 


frequency of the sound source, i.e., there ics a constant value for fixed parameters 
of the medium. In air with a temperature of 20° C and normal atmospheric pressure, 
it is 334 m/sec. As air temperature is increased, the speed of sound also 


‘Increases approximately 0.71 m/sec for each degree. 


The distance between two adjacent compressions or dilatations in the sound 
wave is celled the wavelength (A). The wavelength is related to frequency and the 
speed of sound by the simple ratio: 

e 
A= ra 

The lower the vibration frequency, the greater the wavelength and vice versa; 
therefore, low tone sounds are sometimes called long-wave, and sounds with a high 
tone — short-wave. Wave lengths are measured in meters. 


The field covered by vibratory processes is called the sound field, and the 
area in a homogenous medium in which sound waves are freely propageted without 
peing reflected by a surface is called the free acoustic field. Under naturel 
conditions, free acoustic fields are encountered very infrequently. More frequently, 
in industrial shops, besides the forward waves diverging from the sound source, we 
encounter waves which are reflected from the floor, walls, ceiling and other 
surfaces, The greater the intensity of the reflected waves, the mere the shop “eever- 
berates," The reverberation of the shop is evaluated by the reverberation zime — the 
time it takes for sound pressure after instantaneous shut-off of the svund source 
to decrease a thousand times in comperison with the original steady value. 


As the propagation of sound waves is related to the transfer of vibrational 
energy in space, the amount of sound ene~gy passing through an area of 1 m2 perpen- 
dicular to the direction of sound wave propagation is called the intensity or force 
of sound (1). The nit of measurement of the intensity of sound is wette per 


square meter (W/m). 


Sound pressure or the intensity of sound are characteristics of a sound field 
at a certain point of space. Total sound energy emitted by the source to the 
surrounding space per unit of time is called acoustic power. Acoustic po-er is 
measured in watts and does not depend on the location of the measurement point, 


the direction of radiation or conditions of sound wave propagation. 


It is known that the ability of the auditory analysor to register the wide 
range of sound pressures produced is due to the fact that, not only is the differ- 
ence discerned, but the rate of changes in absolute values (stepped character of 
perception). It has been established that each succeeding step of perception 
differs 12.4% from the preceding one. 


The minimum value of sound energy which is perceived by the human ear as a 
sound is called the auditory threshold and is 10 '? W/m? (for a tone of 1000 Hz); 
the sound pressure corresponding to this is 2 * 1o§ n/m?, or 2.04 © 10°! at. The 
upper limit at which noise perceived by a human ear causes a sick feeling corresponds 
to a sonic force of 107 W/m? or 6.44 * 10 “ at. 


In order to measure acoustic phenomena, it would be necessary to adopt a 
special measurement unit for the intensity of sound as well as for ite energy. As 
is known, according to the Weber-Fechner law there is an approximate logarithmic 
dependence between stimulus and auditory sensation, so that there is a very large 
area between the threshold of audibility and the threshold of feeling. With the 
aid of ordinary pressure measurements (n/m?) or with the measu~ement of intensity 
(W/m?), the auditory range would be expressed in unusually large numbers. Therefore, 
instead of a scale of absolute sound pressure and sound intensity, a relative 
logarithmic scale is usually used which in also most objective for the corresponding 
physiological characteristics of perception. The use of this scale sharply reduces 
the renge of measured values. According to it, each succeeding step is 10 times 
greater than the preceding, which is arbitrarily taken as 1 bel (1 B). Thus, if 
the intensity of one sound is 100 times greater than another, it is considered 
that the level of force of the first sound is 2 bels greater than the second; if it 
is 1000 times, then it is 3 bels more, etc. A threshold intensity of sound with a 
frequency of 1000 Hz - Ip = 10° |” 


measured in this way are called levels (L) of noise or sound tntensity. 


W/m? is taken as the arbitrary level. The values 


The ccmmon logerithm of the ratio of two intensities of sound I and Ip is 
calied the level of one of them in relation to the other, i.e., the level of 
intensity to sound 

I 
Le=lg i; ° 


Thus, the level of the loudest intensity of sounds encountered in industry with an 


intensity of 100 W/m? will be: 
Lele 2 “HS = bg 1088 14 B, 
t | 
and the level of the threshold sound (I9): 
1 —i2 
Lele 4 ~ Wy ae ~igI@=o09, 


In acoustics a amaller unit (0.1 bel) is used, called a decibel (d5). The 
level of intensity of sound, expressed in decitels, is determined by the formula: 
/ 


L = l0lg-—— ab. 
I, 


Ae the force of scund is proportional to the square of the sound pressure, 
L can be expressed by means of the sound pressure: 
U e? P 
L os 10 Ig — — 10'u = -- Ig dB, 
‘ Pe “"P, 


where Po = 2° 10 5 n/n?. . 


The decibel scale has the advantage that the entire huge range of intensities 
— from barely audible to extremely loud — is expressed in numbers from 0 to 140 


dB, making it possible to use small numbers in evaluating the level of noises. 


As instruments of directly measuring the intensity of sound have not yet been 
created, the energy state of a sound field at a certain point is unnnlly charac 
terized by sound pressure. Sound pressure is determ.ned in measurements using a 
standard sound meter; it is the root mean square at a given time of measurement T: 


/rt 
Pre” |) a Jieore. 


This value, expressed in decibels over the threshold of audidility, is callcc the 


level of noise intensity. 


Besides the root mear. square value, characteristics of no‘se can also be 
designated by the mean or peak value of sound pressure. UYowever, they are not 
widely used in measuring noise, as they are not directly connected to an expres- | 
sion of power. Mean and peak values of noise are less stable factors than tne 
root mean square value, which can be explained by the dependence of these ratings 


on phase relations of the frequency components of noise. 


An exceptionally important characteristic cf noise is the density of power 
dtetritotion througi the trequency spectrum or the density ef the energy spectrum 
of noise. Noise can ruughly be considered as composed of an infinitely large 
number of sinusoidal vibrations, whose frequencies lie in the noise band, but 
whose phases are completely random. The noise function is a result of pulsations 
of these sinusoidel vibrations. Harmonic analysis must not be directly applied to 
noise functions, as they are not representable in the form of precise functional 
time dependences. However, the realization of the noise function, limited to the 
time interval T,can be expanded. As a result of this operation, actual noise is 
replaced by a "periodic" function st interval T. The legitimecy of such a concept 
is determined by the purposes of a specific study or calculation azd is used in 
many practical cases. 


As the amplitudes which comprise the noise spectrum ere infinitesimal, the 
concept of spectral power density S(w) is used as the final measure, which can be 
expressed as 

Saree S (w) =: 2%, 
dw 
where S (large) is the power per unit of angular frequency: 


@ = Qnf. 


In practice, the noise spectrum can be obtained with the help of spectral pray 
analyzers, in which the spectral components are expressed ty the power per band- 
width of analyzer filters. The time interval dwing which the noise function is 
being evaluated by spectral density is determined by band-pass analyzer filters, 
and is called the time of analysis. The noise spectrum is divi ied by wicth into 
narrow~band and wide-band. Noise with a continuous energy spectrum is called 
uarrow-band, when the energy spectrum of the process is basically concertrated in 
a relatively narrow frequency band around a certain fixed frequency f, or wide-band, 


if these conditions are not met. 
‘Wit > | Sa \ 
a b ¢e 


Figure 1. Noise spectra: a - line or discontinuous; 
b = continuous; c — mixed spectmm. 


Continuous and discontinuous noise ere distinguished by the intervals between 
separate components (Figure 1). When separate frequency components follow 
uninterruptedly one after th. other, with infinitesimal intervals, such noise is 
called continuous. When individual components are separated from each other by 
frequency intervals, the noise is called discontinuous or line. Mixed noise is 
that in which individual discontinuous components ere superimposed on a continuous 
spectrum background. Noise whose spectral density is uniform through the whole 
range of frequencies is called white noise (analogous to white lish+, which nas a 
continuous and approximately uniform spectrum in this visible part). White noise 
is characterized by the fact that its “values" at any two times (even arbitrarily 
close) are not correleated. We must note that this definition of white noise 
relates only to the spectral pattern of a random process and the question of laws 


of distribution remains completely open. 


White noise is an idealization, never realized in actual conditions, as, first, 
sufficiently close values of a random function are practically always dependent, and 


secondly, real processes have finite power, and for white noise full power of 


the process is infinite. 


The graphic representation of frequency-amplitude characteristics of noise is 
called e spectroqram,in ‘hich geometric uwcan frequencies in Heriz are plotted along 
the abscissa in logarithmic scale, and corresponding levels of sound pressure in 
decibels — along the ordinate axis. 


Based on the character of the spectrum, noises are also divided into tonal 
and atonal. 


In the first category the fundamental tone is fully expressed. Such noises 
are characteristic of the majority of equipment with rotating parts, especially at 


high speeds (carriers, pneumatic machines, etc.). 


The second group of noises — atonal —~ includes components which are not 
connected with the working parts <Z machines, but controlled by-.i{bration of its 
components, excited by recurrent impacts, in other words — by a number of damped 


waves. 


Each one corresponds to the natural frequency of a certain vibrating part. 

Most machine noise includes tonal and atonal components, but either can have an 
energy maximun. 

If in the composition of the noise, sound intensities with vibration frequencies 
below 300 - 400 Hz predominate, this is called low-frequency noise. If the sound 
intensities in the area of vibrations between 400 and 1000 Hz predominate, it is 
called middle-frequency noise; if the highest levels in the spectrum are above a 
frequency of 10060 Hz, it is high-frequency noise. 


In hygiene practice, noise has been subdivided into stable (stationary) and 
discontinuous, or pulsed noise, belonging to the class of unstable noises. Pulsed 
noise develcps in industrial situaticas as a result of intrequent impacts or the 
interrupted course of e technological process and differs from stable noise in 


innumerable parameters. 


Evaluating and -easuring such noises present certain difficulties. On the 
one hand there is a lack of suitable measuring instruments, and on the other — the 


necessity of selecting from the aggregete of parameters only the most essential. 


Stable noise is characterized by a constant level of sound pressure; fluctu- 


ations, iucluding 2 - 3 d3 changes in level, are permissibie. Rotation and recipro- 
cating machines usually cause this kind of noise. 


Pulsed noise is primarily characterized by a changing level of sound pressure 
in time; these changes proceed rapidly, over 5 dB per second. In determining the 
physical parometers of stable noise, it is sufficient to consider the level of 
intensity or sound pressure as well as spectral characteristics, but with pulsed 
noise it is also important to consider a number of additional parameters which have 
a definite effect on the organism of the workers. 


As has already been noted, the primary characteristic of most noise processes 
is the uncertainty of instantaneous values of sound pressure, amplitude, and 
frequency in the sequence of noise emissions, both in the considered and subsequent 
moments of time. For full characteristics of the noise process, unlimited time is 
necessary; however, in practice, time is reduced to a minimum, adequate to obtain 
the necessary ccncept of the noise function as a whole. 


On the basis of a segment of the noise function in measurement time interval, 
called the realization of a random process, an idea is usually formed about the 
entire noise process as a whole. Statistical characteristics of noise, calculated 
according to the realization, can be considered reliable, i.e., pertaining to the 
entire noise process as a whcle,only if the random noise is stationary. Stationarity 
means continuity, statistical uniformity of noise in time. In practice, in order 
to consider the noise function stationary, it is enough that the external conditions 
producing the noise remain constant throughout the entire time, relating to the 
measured characteristics. Continuity (invariance) of parameters of the noise pro- 
cess distribution when the interval in which the sample is produced is shifted along 
the time axis, is subjected to the stationarity hypothesis. Stationary noise is 
primarily normel (Gaussian), in which instantaneous values, measured at random 
moments of time, are distributed according to a normal law. 


Unlike this measurement, the evaluation of unstable noises also presents 
certain difficulties. On the one hend, there is a lack of suitable measuring 
instruments, and on the other — the necessity of choosing from the aggregate of 


parameters only the most essential. 


Striving to extend the range of application of averaging to unstable noises, 
G. A. Suvorov and A. M. Likhnitskiy (1968) recommend using the concept "instentane- 
ous power'[N(t)], which, characterizing the process as a whole, expresses not one 
value, but many obtained for each moment of time individually. 


Each value of instantaneous power is calculated by averaging in a given 
interval of time Atp. The sequence of discontinuous values is preferably replaced 
by a continuous function. Instantaneous power is there calculated on the basis of 
the initial process by sliding integration according to the formula: 


0a i) {PDE de. 
te 


In the analysis process, the time interval (At,), within which averaging takes 
Place, is intermingled with instantaneous time along the initial noise process. 
As @ result, the function of instantaneous power is formed, describing a continuous 
curve where each value represents power which corresponds to the instantaneous 


moment of time and is determined in the interval (Ato). 


Ip practice, the instantaneous value of the root mean square value of sound 
pressure is used to judge the instantaneous pcwer in measurements. This is calcu- 


lated from the instantaneous power of the acoustic process: 


& Win 
Pins't) VR. 


The function of the instantaneous root mean square value of sound pressure 
must be considered as a statistical envelope of the noise process. The relation 
between the initial noise process and the envelope is given in Figure 2, for a 
case with exponential pulsed noise. 


Figure 2, Exponential impulse of noise and its envelope. 
Vertically ~ sound pressure; horizontally ~ elapsed time. 


The evenness of the envelope depends on the value of the integration interval 
(Ate). Too great an integration can conceal from study steep drops of sound pres- 
sure which largely determine the biological effect of unstable noise. Or the other _ 
band, a very small integration time can complicate the noise process picture. 


Niese (1953) suggested a constant of integretion for pulsed noise Ato — 23 msec. 
True, the autkor does equate puised noises with stable noises in subjectively 
evaluating their loudness, which, of course, still says nothing about the adequacy 
of their biological effect. 


10 


G. A. Suvvorov, on the basis of his own psychophysical and physiological studies 
on the effect on the human organism of dynamic parameters of pulsed no.se, suggests 
‘for the averaging interval a value of 10 msec, as most sdequate for the time 
characteristics of perception and the effect of noise for man. 


; We must note that, for a standard sound meter, the time constant has been 
established at 200 or 500 msec. 


Instantaneous values of noise can be measured and the function of the 
instantaneous root mean square value can be registered by using automatic recorderr. 
Because of its speed of response, a 2305 “Bruel and Kjer" recorder in an RMS cycle 
is best suited to record the envelope of complex signals. Equipped with a logarith- 
nic potentiometer (50 dB), the recorder reproduces a jump in levels of 20 dB in 
20 msec. Inertia of the stylus in this case serves the function of sliding inte- 
gration (summa.jion). An arbitrary constant of integration can be obtained using an 
IChM cathode ray oscillograph, equipped with a square-law detector, and an 
integrating circuit, as che recording instrument. 


A simplified description of unstable noise cen be obtained if the enveloping 
noise is periodic. Then the envelope is described by the ratio: 
Pimg't) = Pims'* + §T), 


where J = 1, 2, 3...t3; T —— the smallest value satisfying the equation, is a period 
and represents the time interval between the moment one pulse appears and the 
moment the next pulse appears. If the behavior of a periodic signal is known 
per period, then its next one cen de "predicted," i.e., one period of noise of a 
periodic envelope is completely described by the values for one period. As within 
interval T, energy is not equal to O and is basically concentrated in the interval 
t, <T, the oscillation of the noise envelope in this interval t, cen be considered 


k k 
to be pulsed. 


Tae basic parameters of pulsed oscillations are the slope of the edge and 
the spacing of the impulses. 


Slope of the edge of the impulse (s,) is equal to the ratio of the amplitude 
of the puise to the length of the front: 
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A lateral side of a pulse is called its edge. Leading and trailing edges differ. 


The length of the leading edge determines the rise time of the impulse. The 
Length of the trailing edge determines its decay time. 


Off-duty factor. By off-duty factor is meant the ratio of the 
repetition period T to the length of the pulse. The reciprocal of the off-duty 
factor is called the duty factor (K). It is equal to the ratio of the length 
of the pulse to ite repetition period: : 


x=, 


Tt 


Thus, unstable noise, which is characterized by a definite repetition period, 
form, and ultimate energy is called pulsed periodic noise. When it is being pro~ 
duced, pulsed noise is accompanied by a constant level of "background noise" 
("quasi" — an almost constent level, the value of which is especially important 
in cases when it 1s comparable with the amplitude of the pulse). 


Pulses of similar shape in one period cen he described analyticelly, i.c., 
in the form of a combination of simple functions, or by means of matching special 
functions Analytical representation of the envelope of the acoustic process by 
appreximate (but not exactly coinciding with them) functions from a mathematical 
point of view is the task of approximation. 


We most often encounver an envelope of pulses in the form of functions, 


exponentially decreasing, expone.tially increasing and decsying, square and 


trapezoidal pulses (Figure 3). Although pulsed periodic noises are not stationary, 


they can be considered as structurally uniform. A general equivalent evaluation 
ean be given for structurally uniform noise in the form of power N of the acoustic 
process. Power is calculated on the basis of the realization of this process, and 


when measurement time is increased it approaches certain limits. 


In contrast to the instantaneous power of structurally uniform noises, G. A. 
Suvorov and A. M. Likhritskiy suggest that the limiting value of the average 


instanteneous pover with unlimited increase of averaging time (T) be called average 


power. 
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For periodic pulsed noise, the value of the 
average power is equal to the average value of 
instantaneous power for one period, regardless of 
the position of the time interval, equal to the 


period: r 
+5 


<N> =4 { [P (2d. 
T 


It follows from this formule that average 
power is determined as the energy per period, 
multiplied by the number of periods per second. 
This can be used to calculate average power on 
the basis of en analytical recording of periodic 

pulses. 


Figure 3. Often encountered 
shapes of pulses: a - expon- 


Average power is the general energy entially decaying; b - expon- 
characteristic of both pulsed and stable noise. enpiatly ri2ing and decaying; 
c - rectengular; d - trape- 
By comparing the average power of pulsed noise zoidal. 


with the power of stable noise, the effect of 

pulsed noise on the organism can also be determined and its most essential 
parameters can be distinguished. For this, pulsed and stable noises of equal 
average power and the same spectral composit..on must be compared. 


Under industrial conditions, the average power of structurally uniform noise 
can be measured with a random nois2 volt meter with a large averaging time tT > T. 
For this purpose, we can recomm.ad the use of a 2417 “bruel and Kjer" instrument 
with an averaging time from 0.3 *o 100 seconds. Obtaining the general spectral 
characteristics of unstable noise at the operator's position is ef interest, as 
it makes it possible to compare the results of analyzing the spectrum of pulsed 
noise with stable noise. The general spectrum of noise is an average characteristic 
of the spectrum of pulted noise with a long anelysis time, including stationary and 
pulsed parts of noise. Ye. Ts. Andreyeva-Galanina, G. A. Suvorov and A. M. 
Likhb: ‘tskiy (1968) suggest these characteristics of the time-averaged spectrum ve 
produced on 2112 three-octave spectrum analyzer, together with a 2305 automatic 


recorder. 
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Figure 4. Time-averaged spectrum of noise at the worker's position in 
the stemping industry in three-octave bands, produced on a type 2142 
analyzer: Horizontally - frequency (in Hz); vertically - irtensity of 

. noise (in dB). 


To produce a general power spectrum of pulsed noise, it is necessary to use a 
large enough integration time (including pulses and pauses) or average a large 
number of measured brief spectral distributions, In this power spectrum, averaged 
over a long period of time, unlike instantaneous power, all changes will be con- 
pletely evened out, commensurate with the length of the noise period. The results 
of measuring the power spectrum of noise, averaged for a long period of time,are 
given in Figure 4. 


Measuring and Standardizing Noise in Industry 


Measurements of noise in industry to evaluate and compere its levels end 
spectra with the requirements of health laws must be made at operetors' positions 
at a height of 1.5 m from the floor; in shops with an equal distribution of noisy 
equipment at two-three points along the long axis of the room — at one-third the 
distance from the side walls; in shops with a concentrated arrangement of noisy 
units — at a distance of 1m from the unit on the side of the sound source. More 
detailed information on measuring machine noise at the present time is discussed 
in the monographs of Yu. M. Il'yashchuk (1964) and I. K. Razumov (196i). 


Noise is measured with sound meters and frequency analyzers with a constant, 
relatively wide transmission band. We must note that it is impossible to track 
all changes in intensity with a sound meter if it changes rapidly. For this, we 
usually have recourse to automatic level recorders, which consist of a sound meter 
indicator, which records all instantaneous values of the intensity level. 
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Frequency composition at the sound source is also directly determined by using 
a@ sound meter (Sh-3M LIOT, SH-3 IRPA, etc.), which, in this case, is a sound 
amplifier with an outlet to the anelyzer. Analyzers can be octave, half~octave, 
three~octave or narrow-band filters. An octave is a frequency interval in which 
the upper frequency is two times greater than the lower. The entire range of 
audible sounds is nine octaves. Of greatest practical importance are the eight 
octaves from 62 to 10,000 Hz. Therefore, to reduce the graphs, frequencies above 
10,000 Hz ere not considered. 


In a number of cases when analyzing complex noise processes in laboratory 
conditions, preliminary recording of noise is resorted to with the help of a 
tape recorder. In this case, it is necessary that distortions inserted by the 
recording do not exceed permissible values. The level of noise is measured by 
@ sound meter which serves as a preliminary amplifier. A list of characteristics 


of valid sound instruments are given in Tables 8—12. 


“Temporary Health Standards and Regulations on Noise Limitation in Industry" 
No. 205-56, the first such standards in world practice, were introduced in the 
Soviet Union in 1956. Norms regulated stable noises affecting the workers through 
the entire working day; standardized parameters were the level of sound pressure of 
noise and its frequency spectrum. All noises, as has already been indicated, de- 
pending on frequency composition, are subdivided into three classes; low-frequency, 


middle-frequency and high-frequency (Table 1). 


The maximum permissible level of sound pressure has been established fur each 


of thece classes. 


The main document regulating the characteristics of noise is a graph (Figure 
5), which also determines the intermediate values of permissible noise levels 
within the clesses. The diagonal lines on the graph indicate boundaries of basic 
and intermediate classes. These lines indicate the permissible levels of total 
sound pressure of noise, the frequency spectrum of which does not extend beyond 
the corresponding curve, 1.e., in essence, the lines are maximum frequency spectra 


of noises witb varying levels of sound pressure. 
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TABLE 1 /19 
PERMISSIBLE LEVELS OF NOISE IN INDUSTRY FOR NOISES OF VARIOUS CLASSES 


Class Noise Characteristics Fermissible 
wie Level, dB 


Low-frequency noises (noises of quiet-running, non- 
percussive units; noises heard through soundproofing 

i barrier-walls, ceilings, coverings). The highest levels 
in the spectrum are velow a frequency of 350 Hz, above 
which the levels are reduced (not less than 5 dB per 
octave) 


90 - 100 


Middle-frequency noises (noises of most machines, machine 

2 tools, non-percussive units). The highest levels in the 
spectrum are below 800 Hz, above which the levels are 
reduced (not less than 5 4B per octave) 


High-frequency noises (ringing, hissing and whistling 

3 noises, characteristic of percussive units, air and gas 
flows, and high-speed units), higkect levels in the 
spectrum are over 800 Hz. 


te 
L°C06-0II 16500 H2 2 


50 100 200 400 80 1630 


50 109 200 400 800 1600 3200 6-00 1c000H2z 


Figure 5. Maximum permissible Figure 6. Spectrum of noise, plotted 
level of noise intensity with in relative levels of sound pressure 
various frequency spectra L = 87 aB, Lect = 93; 6 dB over the 


(VSN205-56): 1 - low-frequency; 
2 = middle frequency; 3 - high- 
frequency noises; horizontally - 
frequency; vertically - relative 
levels of sound pressure in 
spectrum bands. 


norm: Horizontally - frequer. /; 
vertically - relative lev... of noise 
in bands. 1, 2, 3 - cis.cses of noises. 
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The level of sound pressure permissible for a given noise is read on one of 
the diagonal straight lines of the norm graph — the first, counting frem l-ft +o 
‘right, beyond which the measured spectrum does not extend. At individual prints, 
the spectrum graph can extend no more than 3 dB beyond the norm line. If the 
‘envelope of the spectrum does not coincide with any of the diagonal lines of the 
pattern, a line is drawn psrallel to the existing lines, touching the decaying part 
of the spectrum. Then the permissible level is determined by interpolation. 


Noise is permissible if the readings on the sound meter are less than the 
level of cound pressure indicated on the next spectrum envelope. Otherwise, the 
difference between actual levels, measured by the sound meter, and permissible 
levels indicates the excess of norm in decibels. 7 

Example 1. The general level of noise ic 93 dl. The noise spectrim, measured 
by an ASh-2 LIOT three-octave filter, is given in Table 2. 


T4BLE 2 
NOISE SPECTRUM 
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Continuation 
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1 
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We assume the maximum vaiue is 0 
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According to the date in Table 2, on th2 form (scale identical with the rorm 
greph) we plot the measured values of the noise levels in bands down from 0 dB 
(Figure 6). 


In our example, the noise standard is 87 dB; the 4cnerei Jevel of noise is 
93 aB, which exceeds the norm by 6 aB. 


17 


a Correction D, dB 
go 86? 03 05 t 2 34567 
Cm pillage tsaitpiaad 


@ 


i, ae i a A 
Difference L; - L2, dB 


b Rectification V, dB 
04 06 08 1 2 3 @ $6710 
Lind tt ee ta © 


og 86 7 6 5 4 3 2 £ O 
Difference Ly - Ly, dB; ly = Le - V 


Figure 7. Nomograms for decibel operations: a - with energy 
summation of levels; b - with energy deduction of levels. 


Absolute levels in individual bands were determined by the nomographic method. 


Figure 7 gives a nomogram for sound pressure level summations. 


Relative levels of sound are summarized as follows. The difference betveen 
levels L, and Lz, using the nomogram, determires the value — D, which is added 
to the first level L), as a result of which tke summary level of noise of two 
transmission hands is obtained. Considering this level as the level of the average 
equivalent band, it is summarized with the level of noise of the third band, a 
aevel of noise of the band equivalent to the first three is found, and so forth, 
until the general level of noise is determined for all analyzer bands. To reduce 
the probability of random calculations errors, it is recommended that initial data 
be recorded and the results computed in the form of a table. 


Example 2. Noise, measured by a three-octave analyzer, has a level of 112 dB, 
The spectrum is given in relative levels (Figure 8). 


The relative spectrum measured by a 
three-octave analyzer must be converted 
to an “absolute” one, i.e.,levels of 


sound pressure relative to 2 ® 10 ° N/m? 


= 
must be calculated in all pass bands of OD 500 


the analyzer. Figure 8. Noise spectrum, plotted 
in relative levels. Horizontally - 


frequency; vertically - level in 
band Ip: 
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TABLE 3 
RECORD OF COMPUTATION RESULTS * 


t, Hz Loum * ? | Li | Boum ~ ba | D 
800 -_ 0 = rea 
1250 mee 0 0 3 
1000 7 ~3 6 1 
1600 40,63 a4 8 0.63 

4.63 
640 208 -5 9.63 0.5 
5.13 
2000 0,23 —8 13 
13 0.23 
2500 30,08 —10 15,36 0,08 
5.44 
Uti = 5.hh | | | x = 5.44 


tin the eecond line, level L, is assumed to be the first L. um 


*Translator's Note: Commas represent decimal points. 


All the results must be entered in Table 3, where Column 1 lists the average 
frequencies (f) of transmission bands of the enelyzer. Levels (lz), meesured in 
the pass bands, are recorded in Column 3; for convenience in calculating it is 
recommended they be arranged in decrensing order. Levels 10 - 12 2B below the 
maximum cannot be included jn the table, as they have practically no esect on the 
general level of noise. In Column 2, we record level L; before level La. We enter 
the difference of L; - Lz = 0 - 0 = 0 dB in Column 4. We determine correction 

= 3 dB, corresponding to this difference, by the above nomogrem. This correction 
is recorded in Column 5, as well as in Columr 1 under level L}, with which it is 
summarized. The sum vhich is found (Lem ) = 3 dB, is the level of noise equivalent 
to tends with levels L; and L2. Then we é cxldulete the difference Dn ~- Ls 
(Column 4), again determine the correction (Column 5) and sumerize “heaienn 2), 
which gives the level of noise in three pass bands, and so forth. The last value 
Se = 5.44 is the general level of noise ben of ell bands in a corresponding 
scale. Level Li and all corrections D are summarized to prove the saliculation. 


The sum obtained in this way is compared with value Den 
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The final result shows by how mauy decibels the general level of the sum of 
signals in the pass bands of the analyzer exceeds the level of the most intensive 
band. Considering the discarded components, the corrections found ce. be rounded 
off to 6 dB. 


For calculating the absolute level of sound pressure in bands with medium 


frequencies f = 800 Hz and f = 1250 Hz corresponding to the peek of the spectrogram, 


the correction: L - ED = 112 - 6 = 106 dB mist be deducted from the sound meter 
readings. Arranging peaks witk reference aB 
to the spectrum on the horizontal corres- "0 


ponding to the level of 106 dB, we obtain gg 


the frequency spectrum plotted on absolute 


= 
: 
E 
a 
spectrum is shifted vertically along the pa gee ab 
50 100 200 500 100 2000 50002 


levels, i.e., the graph of the entire 9% 


scale of levels as many decibels as are 


necessary so that the level of the spec- Figure 9. Frequency spectrum, 
plotted at absolute levels: 

hos izontally - frequency; ver- 
level by the amount of the calculated tically - level of sound pressure 
relative to P = 2°10 ° N/m’, 


trum peak is less than the tctal noise 
correction (Figure 9). 


Tc convert the levels of sound from a 1/3-octave band to an octave, it is 
necessery to sum the levels of sound pressures, using the nomogram and the method 
given above. From the suwamary level L which is obtained, ten logarithms of the 
number of avcraged levels must be deducted: 


L_=L_ -10 1g n 4B, 
av gen 


where n is the number of averaged levels. 


Example 3. The leve3. of noise, measured by a sound meter vith a 1/3-octave 
filter in the analyzer, is, respectively: 50 Hz - 93 dB; 62 Hz - 91 aB; 80 Hz - 
84 dB. The average level of noise in the octave band with a geometric mean 
frequency of 62 Hz must be determined (Table 4). 


At first the levels are summarized, allowing for the lcgarithn 3 = 0.48 « Loy 


Ln - 10 1g n = 95.26 - 10 lg 3 = 90.46 dB, i.e., we obtain the level of noise 


in the rirst octave. 
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TABLE & 
SUMMARY OF NOISE LEVELS 


Lo+D -1, | 
t | tem* | oe Loum 7 21 | D 
50 = 93 = ~ 
62 93.0 91 2 1.89 
4-189 
8 43.37 ry) 10.89 0.37 
Men ia | 95.26 | | | ID = 2.26 


The main advantage of the natural norm, which has not yet lost its value, is 
the dependence of the permissible level of noise sound pressure on frequency; noise 
is evaluated by the level of sound pressure, which makes it possible to verify the 
norms roughly, using only a sound meter without frequency analysis. It is enough 
to determine whether the noise belongs to one of the frequency classes, which in 


turn can be done by a norm reference table. 


We must note that the basic fault of operative norms is the rather inconvenient 
means of graphically representing them and the fact that they are primarily based 
on protecting hearing in the area of sounds necessary for speech communication and 
wnfavoreble sensations trom the effect of noise, ugt considering other more impor- 


tant functions for the normal vital activities of the organism. 


We must note that, in evaluating the effect of noise or determining standards, 
in essence only one criterion has until recently been folluwed — the value of 
temporary shifts in auditory thresholds after the brief effect of noise. It has 
been suggested that permanent hearing loss in tne future will be approximately 
this amount. However, this question of the connecticn between temporary increase 
in auditory thresholds and the development of persistent hardness of hearing is 
debatable. Glorig (1958), Glorig, Ward, Mixon (1961) concluded that the shift in 
the auditory threshold in decibels, developing as a result of eight-hour exposure 
to noise, is nearly adequate for permanent loss of hearing by the end of ten years. 
Wheeler (1950) feels that a temporary increase of auditory thresholds and persistent 
hardness of hearing are identical conditions; only in the second case, recovery of 
hearing is carried to infinity. T. M. Radzyukevich (1968) also notes a connection 
between temporary shifts in the auditory threshold and permanent shifts, depending 
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on time on the job. The author has established a direct relation between permanent 
thresholds of auditory sensitivity and the logarithm of the length of time on the 
Job. 


According to Ye. S. Temkin (1968) the degree and cheracter of temporary 
reduction of hearing depends primarily on the mobility of stimulating and inhibitory 
processes in the cerebral cortex. Underlying persistent hardness of hearing is 
damage to the Corti organ, whose rate of development depends not only on the para~ 
meters of the noise, but also on a number of other conditions affecting blood 
circulation, metabolism, the state of cochlear receptorr, reactivity of the organisn 
itself, etc. Kryter (1963, 1965) suggested criteria of risk of hearing damage, 
which allowed any exposure which, on the average, does not increase the auditory 
thresholds (measured 2 minutes after exposure to noise was ended) more than 10 dB 
at a frequency of 1000 Hz, 15 dB at a frequency of 2000 Hz and 20 cB at a frequency 
of 300 Hz in 195% of persons subjected to the effect of noise (Figure 10). These 
criteria assume that a permanent increase of auditory thresholds in perscns sub- 
jected to noise for 10 years will be no greater than the temporary increase of 
auditory thresholds at the end of the working day in persons working under the 
same noise conditions. 


An attempt has been undertaken by Coles, Garinter, Hodge, Rice (1968) to 
determine the criterion of risk of hearing damage for high-level pulsed noises 
vith a low pulse formation time. The criteria for pulsed noise proposed by the 
authors specify the same permissible increases of auditory thresholds as for stable 
coZse, but in 75% of persons subjected to the effect of pulsed noise (Figure 11). 
The stricter criter. ‘or pulsed noise the authors explein as the great danger it 
has for the organ of hearing (faster transition from temporary hearing reduction 
to permanent, higher individual sensitivity to it). Criteria were caiculated for 
pulses with a recurrence frequency of 6 - 30 per minute, as they are the most 
injurious (Ward, 1962), and therefore they are applicable for any frequency. The 
authors feel that, although the criteria were based on e study of high-intensity 
rapid vulses, they, nevertheless, agree with data resulting from a study of labeora- 
tory types of pulses with a relatively slow rising front and long duration. 
Probably these criteria are acceptavle for all kinds of pulsed noise, including 
industrial noise. 
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Figure 10. Hearing protection criteria 


in cases of wide-range noise. Levels 
of sound pressure, in the octave range 
and in the range of one-third octave, 
when it is recommended measures be 
taken to preserve hesring with various 
daily effects of noise (efter Kryter 
1963); norizontally - frequency of 
central part of the range; vertically 
at left - level of octave range sound 


pressure; right first scale - duration; 
second - level of sound pressure now at 


one-third octave. 


Figure 11. 


CH Of! 0 100 msec 


Limit of peak pressure level 
and duration of pulses (momentary), 
when no significant hearing reduction 
is noted: a - duration of pulses ina 
free acoustic field; b ~ duration of 
pulses in reverberation conditions; 
horizontally - duration; vertically - 
level of peak pressure. 


It is evident that these criteria, based only on data of increased auditory 


thresholds, cannot satisfy the hygienists, as no attention was given to the impor- 


tance of protecting the organism as a whole, primarily the central nervous system 


and a number of other vitally-important systems of the organism. 


In other words, 


these criteria do not completely reflect the danger of noise for the organism and 


ace exaggerated. 


Ye. Ts. Andreyeva-Galanina and G. A. Suvorov (1968) emphasize 


the necessity of complex evaluation of the effect of pulsed noise on the organism. 
T. A. Orlova and I. K. Razumov (1968) feel that, to solve the problem of e scientif- 


ically-based 


standardization of noise, it will be necessary to determine the effect 


of pulsed and discontinuous noise on the reactivity of the central and autonomic 


nervous system, as well as on the auditory acuity of workers. 


Workers in a number of professions are subjected to the effect of intense 


pulsed noise from shooting: Eun assemblers, pyrotechnists, shooting instructors, 


etc. 


Therefore, it is important to establish the maximum level of noise intensity 


which will not cause acoustic trauma. This level has been established for stable 
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noise —~ 235 - 140 dB (Chaba, 1965; Working group, 1965; Burns, 1965; Kryter et al., 
1966). It has also been suggested that for pulsed noise the permissible maximum 
level can be higher, as the duration of noise pulses is often insignificant, on 
the order of several msec or less. Gierke (1966), Coles, Rice (1966) feel that 
with some kinds of pulses the eardrum can ve ruptured at a level of 185 4B. 


Pfander (1965) indicates that a noise level less than 165 dB is safe if it 
does nct last longer than 3 msec. These data allow longer expcsure to noise with 
levels below 165 dB, on the basis of conservation of equivalent energy. Coles, 
Gerinther, Hodge, Rice (1968) proposed their criteria of maximum thresholds on the 
basis of data obtained earlier by the authors (Kryter, Garinther, 1965; Coles, 
Rice, 1966; Hodge, 1965; Hodge, Blackmer, 1966a, b), having studied the effect of 
pulsed noise from rifle shots on hearing. They suggested a maximum permissible 
level of 159 dB with a pulse lasting 5 msec and 150 dB for e duration of 100 nsec. 


In tests on animals, A. I. Aleksandrov and his associates (1963) showed that, 
4f the duration of the pulses is relatively long (0.99 - 0.96 seconds), -the level 
of intensity causing acoustic trauma is 140 - 150 dB. At the seme time, P. S. 
Kublanova and I. V. Pomerantseva (1967) showed under industrial conditions that 
assembly workers, subjected to the effect of powerful pulsed noise (level above 
146 Gb, duration of pulses 5 msec), do not suffer acoustic trauma, although a 


decrease is noted in their auditory sensitivity. 


A number of foreign authors (Spith, Trittipoe, 1958; Ward, Glorig, Klar, 1958, 
1959; Hardy, 1955; Kryter, 1960) in evaluating the effect of discontinuous as well 
as pulsed noises, use the "rule of equal energy" as a basis, which implies that 
equal amounts of acoustic energy reaching the ear are equally harmful, regardless 
of the fact that this energy is distributed in time under conditions where the 
intensity of this energy exceeds 85 dB. Evidently this rule does not take into 
consideration mary additional aspects of discontinuous noise. Thus, the reseerch 
of Rol (1965) suggests that this rile is not suitable for pulses with a periodicity 
of less than 0.5 seconds and that shorter pulses cause greater shifts in the 
auditory threshold. Ward (1962), Selters (1963) concluded that the shift of the 
auditory threshold, ceused by the effect of pulsed noise, with pulses lasting up 
to 9 seconds, depends comparativeiy little on the interval between pulses, and that 
in this case the number of pulses is more important than the time of exposure. 
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Cohen (1963) feels that this rule supports an extremely conservative concept of, 
the effect of short noise effects. G. A. Suvorov (1968) considers this rule 
inadequate for evaluating pulsed noise, especially as “ts physiclogical basis is 
very debatable. 


At the present time the USSR State Committee on Construction is suggesting 
new standards for restricting industrial noise in newly begun and remodeled plants 
(SN245-63). They correspond to the recommendations of the Engineering Committee on 
Acoustice of the International Organization on Standardization (ISO TK-43), and 
establish maximum permissible levels of sound pressure in octave bands of the noise 
spectrum (Table 5). Noise is considered permissible if measured levels of sound 
pressure in all octave bands of the spectrum of this noise are below the values 
indicated by the standerd curve. The index of the maximum spectrum was taken as 
the permissible sound pressure in the octave band with a geometric mean frequency 
of 1000 Hz. The standard of the sound pressure level, established for any octave 
band of the spectrum, does not depend on how the other components change in the 
noise spectrum. Because tonal and pulsed noises are more unfavorable and have a 
more fatiguing effect than steady noises with continuous spectra, a correction of 
5 dB is specifiei for them. Tonal noise is that whose 1/3-octave spectrum has 
peaks with levels which exceed those in adjacent bands by 10 dB or more. Pulsed 
noise reeults from percussion, perceived as distant impacts, often following one [3x 
efter the other. In testing noise standards, levels of sound pressure and frequency 
spectra of pulse noises must be measured by any ordinary sound meter and frequency 
analyzer. The norms specify correction for the length of the noise. If the length 
or time of the effect is less than four houre in succession, the maximum noise 


spectra can be increased as the noise duration is shortened. 


Unlike norms No. 205-56, the "new" norms do not consider such important noise 
characteristics as its general sound pressure, since there is a basis for suggesting 
that the level of loudness (noisiness) basically depends on the level of sound 
pressure of this noise. A. P. Pronin (1965) shows that if criterion 85 is teken 
for the norm, no component must exceed it — 85 background. Hovever, the remaining 
components of the spectrum of complex noise, individually not exceeding criteria 
85, in total can greatly exceed it. This excess can only be taken into consideration 
with the help of those noise characteristics absent fram the norms for the general 
level of sound pressure. On this basis, the maximum permissible noise levels 
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TABLE 5 
MAXIMUM PERMISSIBLE LEVELS OF SOUND PRESSURE IN OCTAVE BANDS OF NOISE WITH 
A CONTINUOUS SPECTRUM EFFECTIVE FOR FOUR HOURS IN SUCCESSION 


- oO = 


Geametric Mean Frequency 
of Octave Bands, Hz 


62 | 125 | +0 | $0 | ere | x20 | so [ r0 


Sound Pressure Levels, dB 


Noise from outside heard in rooms 
located within industrial plants: 


a. design bureaus, offices of 
computers una computer pro- 
grammers, laboratory rooms 
for analyzing experimental 
data and laboratories without 
their own sources of noise 


b. manegement offices, and health 
centers 


Noises developing within rooms and 
penetrating rooms located within 
industrial plants: 


a. electronic computer rooms and 
precision assembly areas 


b. laboratory rooms, observation 
and remote control rooms 78 1 | 73 


Cc. work sites in industrial plants 
and in the area of industrial 
plants and factories According to the special standards 

approved by the USSR Ministry of 
Public Health 


On the ouvside, at a distance of 
2m fram the protective enclosures 
of dwellings and public buildings, 
located: 


a. in reridential areas: 
in the daytime (8 - 23 hrs) 
in the nighttime (23 - 8 brs) 


b. in hospital zones: 
in the daytime (8 - 23 hrs) 
in the nighttime (23 ~ 8 hrs) 
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Figure 12. Grenh of norms for restricting 
industrial ncise: 1 - norms No. 205-45; 
2 - ISO-TK-43 recommendations; horizon- 
telly - mean geometrical frequency in 
octave bands; vertically - level of 
sound pressure. 


63 125 250 5001000 2000 4000 8000 54 


suggested by ISO-TK-43 for work sites in factory buildings lack verification based 
on the effect of noise on the organisn. 


We must note that back in 1938 G. L. Navyazhskiy suggested specifying noise 
with an intensity level of 70 dB as permissible for ordinary, and 65 aB for 
especially high-frequency, noises. I. I. Slavin in 1955, in discussing health 
norms suggested norm curves for tonal roises or for those with continuous spectra 


by averaging norm lines of a norm chart (Figure 12). 


According to the data cf E. P. Orlovska (1962b), the msximm permissible 
intensity of noise at frequencies of 1000 - 1600 Hz is 70 @B. The limit of the 
harmless effect of stable noise, according to the data of A. A. Arkal'tevskiy (1963), 
at 95, 85, 75 und 65 dB can correc pond to spectrum frequencies of 200, 600, 1250, 
and 4000 Hz. S. V. Alekseyev and G. A. Suvorov (1963) have established that steble 
wide-band noise with a level of 70 GB in the range from 30 to 12,000 Hz does not 
cause pronounced shifts in a number of physiclogical functions of the organisn. 

8. V. Alekseyev (1968 a, b) noted no reliable changes in the functional state of 
the organism under the effect of noise with an intensity of 75, 70 and 65 aB with 
octave bands respectively of 300 - 600, 600 = 1200, and 1200 - 2400 Hz. T. A. 
Orlova (1965) recommends the ISQ-TK-h3 No. 75 curve as a standard. . 


Now researchers are faced with the problem cf once and for all finding out 
what levels of noise in individual octave bands do not cause unfavorable shifts in 
the functional state of the human organism and can be eccepted as maximum standards. 
Therefore, approving a final criterion, in the form suggested by ISO-TK-h3 (curve 
80 or 75), will.require further thorough study and verification under both 
experimental and industrial conditions. 
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TABLE 6 


PERMISSIBLE LEVELS OF SOUND PRESSURE AND LEVELS OF SOUND AT WORK SITES 


Reme of Room or Area 


Rooms for mental work without sources 
of noise (studies, design bureaus, 
computer and progremmer rooms, labo- 
ratory rooms for theoretical work and 
analyzing experimental data, health 
centers, and other such places 


Places requiring clear verbal com- 
munication and telephoning (dispatch 
points, control desks, telephone and 
radio-telephone signal centers, 
observation roans 


Offices with sources of noise 
(typewriters, manual calculating 
machines, telegrapb equipment, 
switchboards), as well as precision 
assembly and snop edministration 
rooms, plant dining rooms, end 
other such places 


Areas with consoles, observation 
rooms and remote control units not 
requiring verbal communication 


Laboratory rooms with sources of 
noise, as well as places with noisy 
computers (digital printers, tabu- 
lators, magnetic drums, etc.) 


Work sites in factories and in the 
area of industrial plants 


Housing areas in an urban region en. 
from residential buildings and the 
edges of parks in city blocks and 
microregions adjoining industrial 
plants and their environs 


Comments: 


Mean Geometric Frequency 
“és [2s [70 [ 500 | io | 70] won| on 


Level of Soucd Pressure, dB 


_IN FACTORIES AND IN THE AREA OF INDUSTRIAL PLANTS 


of Octave Bands, Hz 


rel 


1. Corrections for length of the effect of noise do not apply +o Paragraph 
T at night or to Paragraph 2 during the day or at night. 


(Continued) 


TABLE 6 (Continued) 
PERMISSIBLE LEVELS OF SOUND PRESSURE AND LEVELS OF SOUND AT WORK SITES 
IN FACTORIES AND IN THF AREA OF INDUSTRIAL PLANTS 
2. For plants working only a dey shirt, add 10 dB to the vulues indicated 


in Paragraph 7. In arranging plants in a suburb, deduct 5 dB from the values 
indicated in Paragraph 7 and in an industrial erea — add 5 dB. 


3. Consider the levels of noises created in rooms by ventilators, to be 
5 aB lower than those indicated in Table 1 or actual levels of noise in these 
places, if the latter do not exceed normative values according to Table 6. 


4, For juveniles, the levels indicated in Paragraph 6, Table late 
to a four-hour working day. 


5. Ministries and departments of the USSR, in order to improve working 
conditions, are resolving, in conformity with the USSR Ministry of Public Health, 
to establish in accordance with their standard nomenclature departmental standards 
on noise levels, not exceeding, however, the maximum permissible levels indicated 
in Table 6. 


TABLE 7 
CORRECTIONS TO TABLE 6 FOR OCTAVE LEVELS OF SOUND 


| Corrections in 
Conditions aB or aB 


Influencing Factor 


. A 
Character of noise Wide-band 0 
Tonal, pulsed, measured by standard 
noise meter -5 
Duration of noise Total duration during a shift 
from 4 to 8 hours 0 
from 1 to 4 hours +6 
from 1/4 to 1 hour +12 
from 5 to 15 minutes +18 
less than 5 minutes +2h 


Comment: 


1. The duration of noise must be substantiated by calculation or subjected 
to technical documentation. 


2. Tonal noice is considered to be that in which a sound of a definite 
frequency is heard. 


3. Pulsed noise is that perceived as impacts following one after the other. 
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On 39 April 1969, the Ministry of Public Health of the USSR approved No. 
785-69 "Health Stancards and Rules for Restricting Noise in Areas and Rooms of 
Industrial Plants." 


The health standards and rules establish: maximum permissible levels of 
noise at work sites in rocms ard areas of induetrial plants which create aoise, 
end at the boundary of their grounds; conditions and rules of measuring standardized 
velues; basic measures for decreasing noise levels and preventing the harmful 
effect of noise on man. 


Standardized noise parameters are levels of mean square values 3f sound 
phenomena (in decibels, L) in octave bands with geometric mean frequencies or 63, 
125, 250, 500, 1000, 2000, 4000, 8000 Hz, determined according to the formula: 


P N/m? 
Ls 2016 par 


where 2 ¢ 10° N/m? is the threshold value of mean square sound pressure. (For a 
tentative evaluation of noise, the general level, measured according to sound meter 
acale A, called "the level of sound” in dB A can be used.) 


Permissible levels of sound pressure in octave frequency bands and levels of 
Sound for work sites in factories and in the areas of industrial plants are given 
in Table 6 with corrections according to Table 7. Corrections for octave levels of 
sound pressure and levels of sound apply to the character of sound and its total 
effective time. 


Noise is measured in work sites at the ear level of the worker with not less 
than 2/3 of the standard equipment in typical operation. The number and location 


of measurement pointe in shops are: 


a. for shops with uniform equipment at not lesa then 3 work sites in the 
central part of the shop; 


b. for shops with grouped uniform equipment at a work site in the center of 
each group; 


2. for shops with mixed arrangements of various types of equipment at no 
less than three work sites for each type of equipment. 
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Instrument 
Model 


6-34 
(ussR) 


1613 
(Denmark) 
"Bruel and 


Kjer" 


(Denmark) 
“Bruel and 


Kj er" 


"pratt 
(GDR) 


_ SOUND SPECTRUM AK/LYZ 


Kind of 
Instrument 
and Width 


alyzer 


/2-octave 
Filter 


/3-octavre 
Spec- 
trometer 


Octave 
Filter 


/3-octave 
id octave 
Analyzer 


Octave 
Filter 


ERS AW. 


TABLE 9 


eins} — .~—__—_ 
Range of 
Nunter Pree 
plomiysing lor Band] Readog | re ere 
se 
He Filters : 
37-12,000 On pointer-type Pay on v 
(8 eetave) 25 |instrument, calibra- ‘ce u 
a 
ted from +2 to -30 50 Hz 
= On pointer-type 
42-11 ,000 16 | instrument of sound _— 32 
(8 octave) maces 
From 
On screen of cathode 
~2? 
Fad cin 2T | ray tube, calibrated oe 22.0 
> 
from 0 to 35 aB 50 Hz 
ie On pointer-type 
Gs 45 ,000 11 instrument of sound _ 2.5 
1 octave) meter 
On pointer-tyzpe 
32-8 ,000 ; 
(8 octave) | 8 snemeny ef sound 1 
25-4o,900 | 33 | on pointer-t 
-ho, ena pointer-type ois 5 
(11 octave) 3) «| instrument 
On pointer-type 
20-16 ,000 10 | instrument of sound _ 3 
(10 octave) 


meter 


D BAND FILTER SPECIFICATIONS 
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Noise in industrial plants with no noisy equipment — in observation and 
reuote control rooms — is measured, with windows closed and mechanical ventilation 
switched on, at three points at distances of no less than 2 m from enclosing 


structures, and for smal) booths and rooms —- in the middte of the booth or room. 


Noise in areas adjacent to buildings with standardized noise levels was measured {38 
at a distance of 1.2 m above the surface of the ground et points located 2 m from 
the walls of the building. 


Noises in parks, hospitals, and santoriums adjacent to industrial plants and 
their grounds are measured at an altitude of 1.2 meters from the surface of the 
Ground at points located 2 m from the boundary of the area or buildings, with 
structures or green belts arranged along the boundary. 


Noise measurements to reveal the noise regime in the areas are made throughout 
the day with intervals of nr: more than 2 hours at points determined by a coordinate 
Grid. Mesh dimensions of the coordinate grid and the graph of measurement hours is 


determined by a special program coorcinated with local health service members. 


Tables (8 - 12)with specifications are given for various brands of sound meters, 
eutomatic recorders, analyzers and microphones. 


TABLE 12 
MICROPHONE SPECIFICATIONS 


Frequency 
Repees He 


Variation of Frequency 


Model of Instrument Characteristics, dB 


MK-5A (USSR) 20-20 ,000 4 
MK-6 (USSR) 20-40 ,000 5 
MIK-6 (USSR) (wita 

amplifier-feed device) | 20720000 3 
MD-59 (USSR) 50-20 ,000 8 


4131 (Denmark) 
"Bruel and Kjer" 


4133 (Denmark 
"Bruel and Kjer" 


4135 (Denmark) 
"Bruel and Kjer" 


22 93 of relative sensitivity 


20-18 ,000 at srequency of 400 Hz 


20-43 ,000 Same 

+2 dB of relative sensitivity 
at frequency 400 Hz (without 
protective screen) 


30-0 ,000 
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Hygienic Characteristics of Industrial Noise 


In nearly all branches of industry where the work process is accompanied by 
noise, its physical parameters have been determined and a study made of the effect 


of noise on the human organicao. 


There is information on the occupational deafness of workers in metallurgical 
and machine-building industries in the works of A. V. Zekher (1926), D. I. Bakhrakh 
and B. Ye. Sheyvekhman (1949) Prolingheuer (1956) and others. Changes in the 
organism and especially pronounced deviations in hearing were noted emong: boiler- 
makers (G. S. Tremvitskiy, 1925; S. S. Grobsbtein and A. V. Kugaro, 1931; Ya. S. 
Temkin, 1931, 1957; and others), weavers (Ye. N. Malyutin, 1896; B. Ye. Sheyvekhman, 
1938; S. S. Visnnevskeya and S. I. Gorshkov, 1960; L. L. Al'pern, 1962; and others), 
mailers (N. N. Lozanov and S. F. Gamayunov, 1929; L. A. Kozlov, 1929; A. M. Medovoy, 
1932; M. L. Khaymovich, 1960; and others), rail and water tansport machinists and 
firemen (A. S. Sakovich, 1928; P. S. Uroda, 1929; M. Kh. Yelin, 1934; I. I. Slavin, 
1955; A. M. Volkov, 1958a; L. Ye. Skuratova, 1961), as well as workers in other 
occupations. 


According to these studies, changes in the organism of workers, due to the 
effect of industrial noise, depend on the charecter of that noise, the direction of 
sound, the duration of its effect during the working day upon the work of inspec- 
tors in a noisy industry, individual sensitivity as well as ege, sex, and general 
condition of the workers. However, published works often lack accurate physical 
characteristics of the noise, while it has been proven (L. Ye. Milkov, 1963a; 

E. A. Drogichine et al., 1965; S. V. Alekseyev, 1965; G. A. Suvorov, 1965; -and 
others), that even small changes in the quality of a noise stimulus lead to 
fundamentally different reactions of the organism. Therefore, in industrial 
research, aiong with finding sources of noise formation, noise must be evaluated 
separately from other industrial factors. Each factor must be measured separately 
and the results compared with available health standards (L. N. Shkarinov, 1964). 
At the present time, there are a large number of works giving an idea of the noise 


factor in various branches of industry. It is important to con-ider some of them. 
Noise in machine construction. There are factories in the present machine- 


construction industry in which noise reaches an extremely high level, exceeding 
the permissible levels by 25 - 39 dB. The highest level of noise is in cold upset 
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(101 - 105 dB) and nailing (104 - 110 dB) departments, weaving shops (97 dB), and 
in weld polishing departments (115 - 117 dB). One of the main processes in machine 
construction and a number of other industries is metal working by cutting. The 
research conducted by G. 2. Dumxina (1965) showed that turret lathes and automatic 
machines for working comperatively complex parts which require the use of various 
cutting instruments generate noise with an intensity of 82 - 99 dB, with maximm 
sound energy in the frequency range of 250 - 4000 Hz (Table 13). Levels of noise 
intensity of the automated sections is higher than that of the lathes and exceed 
permissible limits in the high-frequency range of the spectrum (Figure 13). 


TABLE 13 
ec NOISE IN TURRET-LATHE SHOP 
General Predominant 
Section Noise Rnitter Level, aB Frequency, He 
ae Work of lathe without Joad ~~ "90 = 73 250 - 800 
Turret 
Lathe in operation 82 - 87 250 - 2000 
Work of lathe without load 73 - 75 250 - 800 
Automatic 
Lathe in operation 92 - 99 250 - 4000 


Figure 13. Noise spectrum of 
automatic machine area. General 
level 93 GB. Vertically - noise 
level. 


ae a6 


tt Hts 
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Noise in shipbuilding shops. As shown by Yu. S. Karyukayev (1969), many 
technological processes in shipbuilding shops can be sources of intense noise: 
work with mechanized hand tools; work of special techuological equipment (lathes, 
crushing plants, tumbling barrels, etc.). 


In vork with mechanized hand tools, as a result of structural vibration, 
intense air noise develops in the sound range. The character and intensity of noise 
ere determined by percussion processe3 of working metal with chisel, mandrel, 
abrasive cutter, etc. Notse from the engine discharge of pnew.utic machines is 
considerably camouflaged; only when thick-walled structures are drilled with low- 


cycle power machines does discharge noise come to the forefront. 
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The general level of cutting noise is 118 - 130 dB; the most intense levels 
of noise are found in cutting in closed areas — 130 dB. Noise spectra for cutting 
and riveting under various conditions are given in Figure 14, 


| es a 


(Y — 
SO 70 100 840 200 280 400 560 890 1120 1600 22-7 3200 346) 6:20 3555 Hz 


Figure 14. Noise spectra of cutting with a pneumatic hammer (0.5 m 
from source): 1 - in closed space, general level 130 cB; 2 - cutting 
of a flat section, general level 119 dB; 3 - permissible level of 
noise (standard No. 205-56 of February 9, 1957). 


The spectrum of grinding noise is somewhet similar to cutting and riveting 
noise (Figure 15). 


7 100 190 200 289 400 569 BON 120 166) 2240 Fc] +80 O20) B-SSHZ 


Figure 15. Noise spectre in working metal with a grinding machine 
(0.5 m from source): 1 - in closed area of section, general level 


117 dB; 2, 3 - working a flat structure, general level 102 and 110 dB; 
4 - permissible noise level. 


Drill presses generate much lower-intensity noise than other pneumatic 
instruments (Figure 16). 


Analysis of the noise levels of a large number (28 kinds) of pneumatic 
instruments, used in assembly work, shows that, on the average, the level of noise 
does not descend below 85 dB, but neither does it exceed 105 dB with high-frequency 
characteristics of the spectrum. In straightening and assembly work, hammer blows 
on masses of metal cause peak noise levels from 123 - 129 dB and higher. Metal 
blanks falling into a bunker generate noise which reaches levels of 98 - 106 dB. 


Figure 16. Noise spectra of RS-22 drill press (0.5 m from source): 
1 - drilling thin-wall structure, geuerel level 79 dB; 2 - cuilling 
side of ship, general level, 84 aB; 3 - drilling large component, 
general level 84 aB; 4 - permissible noise level. 


An analogous picture is also observed in the work of metal shears. 

Noise is often increased by improper construction of assembly areas, 

which con te in the form of hollow volumes of large dimension. Noise levels are 
increased by crushers, ventilator systems, and other eqi“pment. 


Noise in reinforced sansrete pro: be sicst impurtant 


ct 


measures to improve working conditions of construction-industry workers is reducing 
the industrial noise in reinforced concrete structures plants. According to the 
data of A. P. Pronin (1967), noise levels in these factories exceed health 
standards (Table 14). 


An analysis of noise spectra at work sites showed that the harmful effect of 
noise on the organism of molders is determined primarily by a vibration frequency 
of 50 Hz, which is not clearly pronounced in the noise of most plants, but in 
large amounts is present in the spectrum of high-frequency components with a 
rendom character and occupying a wide-frequency band. On the basis of experimental 
research, the author feels that the loudness of the noise of a vibrating platform 
can be reduced three times by insulating the debalanced point with steel springs; 
the number of high-frequency componente of the spectrum will be essentially 
decreased. 


TABLE 14 
INDUSTRIAL NOISE LEVELS AT THE WORK SITES OF MOLDERS 
IN COMPARISON WITH HEALTH STANDARDS 


At vitration table No. 1 25 
At vibration table No. 3 1T 
Lepeienalnen marae aN .|At vibration table No. 1 when 
"per P . vibration table No. 3 is in 8 
operation 
At vibration table, both molds 
16 
Piano wire ccncrete Pisa te4 ti tabl ids half 
Bleeper section in cried OR MAPLES MOISE 22 
rubble-sleeper plant At vibrator, both molds filled 16 
with concrete 
New department at vibrating 15 
erea 59OLTA 
Reinforced concrete Old department at vibrating 15 
sleeper plant No. 2 area SM-476 
| Open polygon at vibrating 13 
arca ENTE 5: 
Vibrating area SM-476 for 20 
Reinforced concrete manufacturing paving 
structures plart No. 7 Vibrating area SM-476 for 119 89 30 
manufacturing sleepers 
Vibrating area SM-868, molds 
Reinforced concrete enpty a20 83 3T 
structures plant No. 2 Vibrating area SM-868, molds v1 89 22 
filled with concrete 7 
Vibrating erea SM-476 No. 2 114 100 1h 
Perec nia Vibrating area SM-h76 No. 2 117 88 29 
eras Vibrating area SM-478 No. 3 ne gh 18 


Noise at machiuve celculating stations. A etudy of noise et machine calculating £43, 
stations, conducted by V. K. Markushkina (i968), snowed that the general level of 
noise in the departments varied fram 75 to 92 dB, is of high frequency, and exceeds 
the maximum permissible levels in the frequency range irom 4000 to 8000 Kz by 
25 - 37 dB. Sources of noise are: the numerous pinion gears, electric motors, 


printing mechanisms, contactors, relays, perforating and ventilating devices. 


4o 
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Figure 17. Noise spectra at machine calculating stations: 1 - 
perforation area; 2 - calculator ereas; 3 = tabulation areas; 
4 - permissible noise level (PS-55); horizontally - frequency; 
vertically - level of sound pressure. Levels L: 1 - 92 dB; 

2 - 83 dB; 3 - 92 aB. 


Vibrations developing during the operation of these machines is transmitted to 


the thin walls of the bodies and is emitted in the form of noise to the surrounding 
medium (Figure 17). 


Experiments conducted for the purpose of combatting noise (sound-proof linings 
and coverings) have made it possible to reduce noise more than one half (loudness), 
i,e., 10 - 15 4B. The noise spectrum is also changed by the elimination of high- 


frequency components, while in unlined rooms the standards are exceeded by 30 GB,, 
or 7 - 8 times louder (Figure 13). 


"6), 125° 2505001000 2000 #000 6000 Hz 


Figure 18. Noise spectra at machine calculeting stations after the 
installation of sound-proof linings. Symbols same as in Figure 17. 
Levels Ll: 1 — 81 dB; 2 - 77 dB; 3 = 75 GB. 


42 


Our country is the first in lumber-preparing and wood-working industries: a 
study of working conditions, conducted by £. I. Gol'dman (1962), showed that the 
primery source of logging noise is from electric end gas saws. The noise level in 
the operation of a K-6 electric saw is: without load, 82 - 85 dB; sawing, 85 - 

90 4B. Frequencies of 1600 = 2000 - 3200 Hz predominate in the spectrim (Table 15). 


TABLE 25 


NOISE LEVELS OF GASOLINE POWERED SAWS 


Excess of Maximum 
General Noise Permissible Level, 


Predominant 
Type of Saw Level, dB Frequencies, 


Without ; Hz Without , 

_ Load = Bovine: | Load Sawing 
Kera-1 88-90 103-106 800-1010-1200 6-21 
Ural-10 87-89 102-106 408-500-800-1000 3-16 
Ural-10 96 122-114 120-600-800-1000 h-28 
Druzhba-60 87-88 95-99 800 2-21h 


In skidding lumber (mechanized transfer of trees from the place they were 
felled to where they are loaded onto lumber carriers), the noise is created by 
logging winches and tractors. In vinch oneretion, the neise is due to tie diesel 
engine and varies fram 103 to 108 dB. The maximum sound energy falls in low and 
middle frequencies. ‘inch noise exceeds the permissible level in the low frequency 
range by 3 - 5 dB; middle frequencies, by 10 - 15 dB; high frequencies, by 10 - 18 
aB. 


The noise frow logging tractors also is due to the operation of diesel engines 
(Table 16). 


It is evident from the data in Table 16 that noise increases in proportion to 
the increased speed of the tractor, reaching 109 - 117 dB. The noise spectmm of 
tractors is marked by a wide range of frequencies (Figure 19), the sound energy 
maximum falls in the low-frequency range. 


Research conducted at modern wood-working plants in the city of Omsk by A. P. 
.Mikbayluts (1968) has shown that the general level of noise intensity at work sites 
in sawnill departments varies fram 93 to 100 dB; the noise is wide-band vith a 
maximum sound energy in the middle (320 - 400 Hz) and high (1600 - 3200 Hz) 
frequency range (Table 17). 
ho 


TABLE 16 
NOISE LEVELS OF LOGGING TRACTORS 


General Level of Noise in 


Work Regime of Tractors Tractor vabins, a5 


“wpr-ho, |. 
: 1960 Modex__| _ 77-60 oe es 
Idling (standing) 96 93-103 96 
Second gear 96-97 107-112 105-107 
Third gear 97-110 102-115 106-110 
Fourth gear 99-110 105-117 106-112 
Fifth gear 102-110 109-117 _— 
TABLE 17 


LEVELS OF INTENSITY AND THE SPECTRAL CHARACTERISTICS OF NOISES CAUSED BY 
SAWMILL EQUIPMENT (after A. P. Mikhayluts) 


General Level of 
Equipment, Intensity, dB 


Measurement Site |Without In 
__load eration 


Frequencies (in Hz) | Excess of Maximun 
with Maximum Sound | Permissible Level, 
Energy aB (in frequencies) 


RD-75-2 mill gang- ( 
sew (work site of 93 _ 320-400 10 (1600) 
saw operetor ) 

RD-75-6 mill gang- 

sav (work site of = 9T 320, 2000-6400 19 (6400) 
saw operator) 

DOKa lumber unit 

(work site of — 98 250, 1600-2000 26 (640%) 
operator) 

LPDK lumter unit : 

(work site of _ 93 320, 2000 18 (3200) 
operator ) 


DSK lumber unit 
(work site of —_ 92 320, 2000 10 (3200) 


operator) 


Dfs trimmer (work — 
site of operator) 99 1000, 1600-2000 22 (1600) 
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Figure 19. Noise spectre in 
tractor cabins: 1 - TDT-hO0; 
2 - TDT-6¢; 3 - s-80. 


— 1 
9% 100 «200 «6400 806 1600 Hz- 


In lathe departments of carpentry shops in wood-working and house-building 
combines, the levels of noise intensity are 90 - 97 dB and 92 dB,respectively; the 
noise is wide-band with maximum energy at mean frequencies (320 - 350 Hz) and 
high (1600 - 2000 Hz) frequencies (Table 18). 


TABLE 18 LAT 
LEVELS OF INTENSITY AND SPECTRAL CHARACTERISTICS OF NOISES 
OF WOOD-WORKING MACHINES (after A. P,. Mikhayluts) 
Me nope ———$$—_—_—-~ 


General Level of 
Intensity, dB Frequencies (in Hz) Excess of Maximum 


Equipment In with Maximum Sound Permissible Level, 
Operation Energy aB (in frequencies) 

UPA Paver 93 640, 1200, 1600 13 (1600) 
§-12-6-150 Planer _ 320, 640, 1000 12 (1600) 
6K-15 Planer 98 125, 508, 806 14 (800) 
N-12-6-150 Planer 100 640, 2000, 3200 2T (3200) 
N-12-5-7 Planer —_ 500, 1000 9 (1600) 
SD-8 Scriber —_ 1000 15 (1600) 
SR-5 Scriber _— 400 18 (1600) 
ShD-12 Band-cutting _ 
Machine 403, 1260, 1600 16 (1600) 
ShO~6 Band-cutting = 
Machine 98 30 
Milling Machine F-4 97 320, 500, 800 13 (800) 


Noise intensity at the work cites of lathe machine operators varies from 90 to 
112 dB and depends on the kind, and brand of the lathes and partially on their 
arrangement in the shop plan. Industrial noise exceeds levels permitted by health 
standards by 9 - 15 dB without load and 7 = 27 dB in operation, primarily in the 
high-frequency range of 1600 = 3200 Hz. 


Noise in the textile industry. 


The overwhelming majority of production 


processes in cotton spinning ar.i weaving shops are acccmpanied by the formstion of 


noise (L. Ye. Burlova, A. F. Lebedeva, A. V. Tarasova, 1963). 


The primary sources 


of industrial noise are the equiyment in spinning and especially weaving factories 


(the beating mechanism of the weaving machine, strokes of shuttle, heald, gear 


tappets, etc.), the operation of fans and conveyers within the shop. 


Spinning~-weaving factory noise usually is of a complex spectral composition 
and, in a number of cases, exceeds the health standards (Table 19). 


TABLE 19 
SPECTRAL CHARACTERISTICS OF NOISE IN DEPARTMENTS 
OF SPINNING-WEAVING FACTCRIES 


Shop or Department 


Intensity A 
Level of Permissible 


Noise Spectrum with 


Noise, aB Level, dB picuabae Sound BOS rey. 
_ a Middle-frequency, with maxi- 
Scutching 93-97 85-90 mum intensity around 400 Hz 
Low and medium-frequency, 
Combing 82-85 85-90 with maximum intensity 
between 160 - 600 Hz, 
o Low and middle-frequency; 
Spb eens and g2 85-90 predominance of frequencies 
° from 200 to 1200 Hz 
Middle and high-frequency; 
Smoothing 93-99 75-85 predominance of frequencies 
of 5500 - 6500 Hz 
New Machines: : 
RTT-132 65 75-85 Medium and high-frequency; 
RTT~132-2 83 75-85 with maximum intensity between 
RTT-168 91 75-85 OO and 4000 Hz 
Spinning 95-96 15-85 Sane 
New spinning machines 80 15-85 Same 
Weaving (mechanical machines) | 35-105 15-85 Same 
= = High - 
ATS-5 and AT-100 automatic 94-96 15-85 igh and middle-frequency, 


machines 


with maximum level at fre- 
quencies from 1280 to 3535 Hz. 
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As can be seen from Tatle 19, the highest level of noise is observed in 
weaving cepartments — 94 - 105 dB; in shops with ATS-5 and AT-100 automatic 


weaving machines, the noise intensity is somewhat lover, 9h - 96 aB. 


High noise levels are noted in artificial fiber factories (spinning, winding 
shops), where, as in the textile industry, a lerge number of workers are employed. 


A study of working conditions in clothing factories, conducted by 0. M. £48 
Rukavtsova (1968) (Table 20), has shown that the general levels of noise at work 
elites of sewing machine operators working at stitching machines (97, 22A, 22B, 22C, 
55, 428 and other classes) are 90 - 95 dB with maximum sound energy in the 1000 - 
8000 Hz range, with an excess of 12 - 16 dB over the standard level in the high 
frequency range. Noise at work sites from winding machines (51A, 63 kl and others) 
reaches 90 - 91 dB with distribution of sound energy in a wide range of frequencies 
with the maximum at low (250 Hz) and high (2000 - 8000 Hz) frequencies. There is 
an excess of 8 - 10 GB at a 8000 Hz frequency. 


Total levels of intensity at work sites of sewing machine operators working at 
overcast-stitching machines (classes: 761, 7-M, 85, TM-1, 26-"Zigzag") are 92 - 
gh aR, In the noise spectrum, frequencies of 2060 - 6000 Hz predominate. Noise 
exceeds the standard level by 7 - 16 4B. 

In the operation of semieutomatic class 27 and class 25A machines, noise with L49 
@ general level of 89 - 92 dB is created; maximm sound energy occurs in 4000 ~ 
8000 Hz frequencies with an excess of 13 - 15 dB over the permissible values. 


General levels at work sites cf press operetors (PSP press) reach 94 dB; high 
frequencies of 2000 - 6000 Hz predominate in the spectrum. 


A characteristic of the noises studied iy their intermittance, as a result 
of the periodicity of stitching. For stitching work iasting 4 ~ 12 seconds, there 
must be an interruption of from 3 to T seconds, during which time the operator 
prepares details for the next stitching (puts aside sewn work, takes others from 
the conveyor, puts it under the machine foot). Noise parameters also change 
accordingly. The most intense noise is generated during stitching; during the 
interruptions, intensity at work sites js reduced to the background level. The 
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TABLE 20 
LEVEL OF INTENSITY AND SPECTRAL CHARACTERISTICS OF 
SEWING CHOP NOISES 


Frequencies| Excess Over 


tne pe vith Maximum Maximum 
Shop Equipment : 7 . Sound Energy] Permiss.ble 
ea clas) of 1000-2700 Level 
sesh saan Hz je (8000) ap/uz 

Guo machine to 5000 1000-8000 12 (8000) 
Quilter (761 class) 600 9h meet aa 16 (8000) 
Festener (73 class) 1500 93 sO pom 16 (8600) 
Braid applier (428 class) 2500 91 sa ne 16 (8000) 
Button holer (25A class) 1400 92 4000, 8000 13 (8000) 
Chain stitcher (55 class) 2090 90 sie a 16 (8000) 
Hemmer (85 cless) 2500 92 500-8000 7 (8000) 
Overcaster (521A class) 3500 90 eos 2000 8 (8000) 
Piz machine (class 22A) 3500 oh 2000-8000 13 (8000) 
Button machize (27 class) 1200 89 ss oe ata 15 (8000) 
Quilter (-7) 92 4000, 8000 1h (8000) 


difference between the interrupted noises, developing during machine operation, 
and the background is 10 - 15 dB; according to time-stucy observations, 60% (more 
than four hours) of the working time is involved with stitching. 


Soise in stamping factories. Stamping factories occupy a leading place in 
industry. Nojse, generated by press equipment, is pulsed noise with a camplex 
time structure. As shown by Ye. B. Reznikov (1966), in operation the majority of 
presses generate pulsed noise with a repetition rate of 15 - 60 pulses/min., 
which, along with great intensity ani a high-frequency spectrum, has unfavorable 
time characteristics (Table 21). 
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TABLE 21 
CHARACTERISTICS OF PULSED NOISE, GENERATED BY PRESS 
EQUIPMENT IN STAMPING SHOP (after Ye. B. Reznikov) 


Average f Level of n= cae 
Power of Sound 


Sound Pressure priate Time of 
Pressure | According Eregeuve pulse 
Source of Noise for the: | he. Expo- According Sudideup 
Period | nential (in msec) 
to Sound 5 
(Relative pulse with 
Power Sound Sees ae 0 63a'2) 
10-12 Meter : , 
___ | W/m?) aB |1412, aB 
“Veyngarten" Co. Press 112 117 103 
"Shuller" Co. Press 95 115 97 
"Kirkhayt" Co. Press 107 n6 101 
"Pal'te" Co. Press 126 129 109 
"K-16" Press of "Metallist" Factory 102 110 95 


"“{yumler" Co. Autumatic Press 98 118 98 
“Pean" Co. Press 98 120 97 


(9 65a — the time during which the amplitude increased to 0.63 from the amplitude 
of the consient level assmecd to he 1. 


doise levels, measured by souni meter SH-63 at work sites was 94 - 103 dB, 
@.u when measured by the 1412 "Bruel and Kjer" sound meter — 109 ~- 129 GB, ji.e., 
in all percussive processes peak values of the noise level are actually 10 - 20 
dB higher than indicated by an ordinary sound meter, and therefore, standard 
recommendetions SN-245-63 for meacured pulsed noise have substantial defects, with 
errors in their physical evaluation. 


For a number of years at the occupational health department of LSGMI, a study 
has been conducted on the dynamic characteristics of noise, the characteristics 
of their perception, and their effect on the organism both in experimental and 
natural conditions in industry. Accumulated experimental experience makes it 
possible to distinguish and define the most important characteristics of unstable Lf. 
noise. There was alzo an attempt made to develop a method of evaluating unstable 
noise (G. A. Suvorov et al., 1968; Ye. Ts. Andreyeva-Gelanine, G. A. Suvorov, 
A. M. Likhnitskiy, 1968). Research conducted at a number of plants with equipment 
generating pulsed roise indicates that the methods of measuring and evaluating 


pulsed noise can be used effectively in practice, 


Figure 20. Curve showing dependence of pulsed noise intensity on 
time, registered by autumatic recorder 2305, and medium power 2417 
voltmeter. Background level, 94 dB. 


Thus, the study we made of the characteristics of the noise of stamping 
departments in shoe factories with the help of automatic recorder No. 2305 — which 
operated in a regime with a stylus speed of 1000 mm/sec, paper speed of 100 mm/sec 
and a time constant of 20 msec — showed that noise at the work site of the stamper 
consists of a series of pulses lasting 1.6 sec, including 4 - 5 pulses witha 
repeat period of 0.4 seconds and with intervals varying from 1 to 5 seconds between 
series of pulses, which is due to the characteristics of the specifications. The 
intensity of noise in the pause, measured by a standard sound meter, is 94 dB. 
Noise pulses had an exponential form with a time build-up of 20 mrec, a decay time 
of 100 msec, and instantaneous power (intensity) of 115 dB per pulse. Average 
power determined with a 2417 voltmeter (Bruel and Kjer) of ran‘om noise is 98 dB 
(Figure 20). A noise study on a 420 statistical distribution analyzer shoved 
that the most probable noise intensity corresponds to the average power. Spectral 
eanlysis, conducted on a three-octave No. 2112 spectrum analyzer together with a 
No. 2305 automatic recorder, showed that the averaged noise spectrum is almost 
equally distributed in the three-octave bends from 40 to 2000 Hz. 


The method developed by the authors to evaluate pulsed noise is intended to 
be used both with experimental and industrial equipment; however, it does not 
exclude the possibility of using other methods to study random noises. 


It 4s evident that citing exhaustive data about the noise factor in all 
branches of the national economy is a back-breaking task; therefore, in this chep- 
ter we have omitted the noise characteristics of a number of industries. Neverthe- 
less, the data presented thoroughly illustrate the parameters and character of the 
poise stimulus on which the effect on the human organism lergely depends. 
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We must note that, at the present time, we have adopted in this country GOosT* 
21870-66 "Machines. Noise Characteristics and Methods of Determining Them," which 
is used to establish machine noise characteristics, and wnich obliges all manufac- 
turers of machines and equipment to test the products they issue and evaluate the 
noise which develops in operating these mechines. This GOST provides the requisite 
information, so that each factory-produced machine carries its own noise charac- 
teristics, making it possible to compare similar and different machines iz terms 
of noisiness and serving as an objective criterion for evaluating their technical 
perfection and quality of performance. 


*Translator's Note: GOST = State Standard. 
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CHAPTER II 


TECHNIQUES OF STUDYING THE EFFECT OF INDUSTRIAL NOISE 
ON THE ORGANISM AND NECESSARY EQUIPMENT 


The Acoustic Complex and the Order of Conducting Experiments 


Successful study of the effect of industrial noise on the organism and the 
development of effective preventive and therapeutic messures require vast 
experimental vork in leboretorics provided with tie latest acoust: : and physiological 
equipment. 


Soviet and foreign literature presently contains a description of various 
types of reverberation and anti-reverberation chambers primarily intended for 
technical purposes. 


We must note that a reverberation chamber is called a sound- and vibration-proof 
room, in which conditions are created to reflect the sound field; according to 
etardarc requirements, the roam is considered suitable for measurements in a 
reflected sound field if the variation between the levels of sound pressure in the 
frequency range of the measurements does not exceed 2 dB. 


An anechoic (anti-reverberation) sound chamber must be a room well insulated 


from external sounds and vibrations in which sounde are almost completely absorbed 
when they strike the dampened surfaces of the roan. 
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An anechoic sound chamber can be considered satisfactory if — when the distance 
from all points of measurement (measuring radius) to the acoustical center of the 
source is divided in half — the levels of sound removal in the frequency range of 
the measurements increases no less than 5 dB, and — when this distance is doubled 
— it is reduced no less than 4 dB. 


Since in conducting physiological experiments studying the effect on the 
organism of various spectral and time characteristics, it is necessary that the 
signal supplied be undistorted, in medical practice similar experiments require 
construction of sound-deadening chambers. 


Wedge-shaped or cone-shaped constructions are usually used to line anechoic 
sound chambers, as well as layered constructions. 


In wedge- or cone-shaped constructions, soundproof linings are usually made of 
Mipor, fiberglass mats, packed Kapron fiber, glass separator plates, polyurethane 
foam or staple fiberglass. The effective volume of the chamber is in this case 
small in comparison with the volume of the entire construction, but it is very 
expensive. Similarly finished acoustic chambers are used for physical measurements 
and are described by a number of authors. 


As an example, we cite the anechoic sound chamber designed for one of the 
Scientific Research Institutes. It is a rectangular box with internal dimensions 
of 14,3 x 12.3 x 7.55 m. The walls are brick, 65 cm thick; the ceiling is rein- 
forced concrete, at least 50 cm thick. The floor is highly reflective concrete. 

The walls, door, and ceiling of the chamber are lined with soundproof constructions, 
fiberglass wedges 100 cm lorg; the base is 20 x 20 cm. The air gap between the 
base of the wedges and the wall is 15 cm. The calculated variation of the sound 
field in the chamber is from +2 to +3 4B. The coefficient of soundproofing the 
wedge-shaped constructions is not less than 0.9, the anticipated error of the sound 
level pressure measurement is from +3 to th aB. 


Another type of absorbing structures is deadened hollow resonators. The nost 


common soundproof constructions of the resonance type are perforated panels which 
are placed at a certain distance from the bard walls of the chamber. 
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Most often used in constructing layered sound-deadening chambers are Kapren 
fiber, slag wadding, staple fiberglass, thick felt in a pheno’.ic bale, etc. 


Two anti-reverberation chambers vere created in the Department of Occupational 
Medicine of the Leningrad Medical Institute of Health end Hygiene which were equipped 
with acoustics equipment to create stable and pulsed noise of various parameters 
(Ye. Ts. Andreyeva-Galanina, S. V. Alekseyev, G. A. Suvorov, 1963, 1965; Ye. Ts. 
sndreyeva-Gelanina, S. V. Alekseyev, G. A. Suvorov, A. V. Xadyskiy, 1966). One 
rectangular chamber with dimensions of 2.2 m (length) x 1.3m (width) x 1.9m 
(height) was placed: inside a room 87.1 m® in volume with etandaré sound insulation. 
As can be seen in the draving (Figure 21), in. -: chamber the internal enclosures 
(walls and ceiling) were lined with perforated plywood sheets (plates) 4 mm thick. 
The sheets were fastened 150 mm from the inner wall of the chamber; directly adjoin- 
ing it was a layer of loose slag 50 mm thick. Between the layer of wadding and 
the inner wall of tae chamber, there is an air layer 100 mm thick. 


O om 


100 mm” 


5 2: ©” 


Figure 21. Soundproofing structure of the chamber: 1 - perforated 
sheets; 2 - soundproofing material; 3 - air layer. 


Two kinds of perforated sheets are used: 1) perforated with holes 5 mm in 
diameter, numbering 360 per 1 m?, f, (resonance frequency) is 500 Hz; 2) perforated 
with slits 80 mm long and 2 mm wide, distance between the slits is 10 mm vertically 
and 20 mm horizontally, f>¢ (resonance frequency) — 2000 Hz. ‘The floor was covered 
with porous rubber rugs. This design provides sufficient absorption of high-, 
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£33. 


middle- and low-frequency noises and is characterized by an averaging of the curve 
of sound absorption with a coefficient of 0.8 in a frequency range from 150 to 
5000 Hz. 


The soundproofing process in the room is also characterized by the time of 
reverberation T, necessary to reduce sound energy to 60 4B. 


This soundproofing construction mekes it possible to obtain a time of 
reverberation of impulse signals for various noise bands from 0.04 to 0.1 seconds 
(Table 22). 


TABLE 22 
TIME OF REVERBERATION IN SOUNDPROOF CHAMBER 
FOR VARIOUS FREQUENCY BANDS 


Bands, Hz | Time of Reverberation, Sec 
50-80 ike 0.2 

101-202 0.08 

25h-508 0.04 

640-1280 0.06 

1614-3220 0.08 

4060-8130 0.11 
20-10 ,000 0.08 


At these values, psychophysically, reverberation does not distort the  ,erception 


of signals, as the time constant of the ear subsides more slowly than the echo of 
the signal dies down. The sound field in the chamber has a non-uniformity for 
white noise of +3 4B. 


All acoustic measurements were made with the assistance of a MK-5A measuring 
condenser microphone; transient characteristics were recorded by an ENO-i 
oscillograph. 


The intensity of stable noise was measured by a SH-63 sound meter, and the 


spectrum — by a sound frequency spectrometer (SZCh) and a SKCh-3 spectrum and 
frequency characteristics analyzer (ASChKh-1). Sound proofing of the chamber from 
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internal noises wes a two-step problem, as it is sepsrated from internal sources 
of noise which interfere with conducting the research. Construction of the chamber 
ensured its soundproofing to 45 dB. 


In ecnnection with the small size o7 the chamber for conducting the experiments, 
it is equipped with mechanical suction-and-exhaust ventilation. The construction 
of the ventilating equipment made it possible to reduce the level of noise it 
generated to 25 dB without the use of complicated acoustic filters. 


The roam with the second soundproof chamber had a volume of 17 m’. The walls 
and ceiling of the chamber were lined with sound-absorbing plates, perforated 
sheets of plywood backed with a layer of Kapron stripping. To produce an even 
curve of sound absorption at a level of 0.8 m from 300 to 5000 Hz, perforations in 
the sheets had a round or slotted shape. The diameter and spacing uf the perforations 
wes 4 and 20 m, respectively. The chamber was not rigidly connected with the walls 
and ceiling of the room. The sound-absorbing sheets were placed 10 em from the 
walls. The distance between the sheets and walls was half filled with air and half 
filled with Kapron stripping. The floor of the chamber was covered with sound- 
absorbing rubber rugs 5 mm thick. Time of reverberation of the chamber 1g reduced 
to 0.03 - 0.08 seconds, thereby only slightly distorting the time structure of the 
noise. The configuration of the room must be altered to realize a diffuse field. 
This was avoided with the help of angular reverberatory plates, mounted on the ceiling 
(Figure 22), with the use of a special acoustic unit, 
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The non-uniformity of the field in the 
area of the subject's head was +1.5 dB in 
the entire frequency range under conditions 
of a plane incident wave. 


Noise was reproduced with the help of 
a "Mag-8"' stationary tape recorder with 
reproduc sion frequency characteristics 
from 59 to 10,000 Hz and with non- 
uniformity of +1.5 dB. 


— 
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Figure 22. Soundproofing of upper 
part of the chamber. 
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In studying the effect of certain noise parameters on the organism in the 
experiment, noises are often reproduced in the chamber with tape recordings. 
However, there are difficulties which greatly limit the possibility of this 
technique. This is because the majority of portable tape recorders, produced 
commercially, have a very emall dynamic range, which usually does not exceed 40 aB. L351 
We must bear in mind that megnetic tape superposes ite own, so-called modulation 
noise on the noise range, approximately 30 dB lower than the amplitude of the 
signel. The transmission band of thes.: tape recorders is also very limited with 
respect to high frequencies of 8 - 10 KRY Therefore, when the researcher is faced 
with the problem of studying the effect on the organiam of noise with certain 
frequency and time characteristics, artificial generation of noise is most valid. 


To generate stable noise, the Department developed a method where acoustical 
equipment was mounted outside the chamber (white-noise generator, 50-watt power 
amplifier, RC-filtera, sound frequency spectrometer, SZCh) (Figure 23). 


Syne ; 
Signal control~~- 


Figure 23. Block diagram of system for generating stable noise: 

1 - white noise generator; 2 - electronic gate circuit; 3 - power 
amplifier; 4 - LC-filters; 5 - two-band unit; 6, 7, 8 - capacitor 
boxes; 9 - electronic voltmeter; 10 - electron oscillograrh FNO-1; 
11 - condenser microphone; 12 = sound frequency spectrometer. 


Undistorted reproduction of the entire range of sound frequencies with one 
element — cone or horn shaped with a narrow throat — has not yet been attained 
simply and eccnomically. The use of two- or three-band devices considerably 
improved the speaker systems. Two-band equipment is a combination of a conical 
woofer, reproducing low bands to 600 = 1000 Hz, and a tweeter, corresponding to a 


range up to 10 or more kHz. 
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Mounted in the chamber is a two~band acoustical unit of 2, type 1-A-17 high- 
frequency heads with 2 acoustic lenses — 2 low-frequency, type 2~A-9 heads, placed 
in acoustic Helmholtz resonators with a volume of 288 liters, filled with commercial 
wadding. The band is sepsrated by LC-filters with a slope of 12 dB per octave. 
Output power of the unit is 50 W. There is a white noise generator with en even. 
spectral density in the 20 — 20,000 Hz band. Instantaneous values of amplitudes 
ere subject to the normal law of distribution. An audio frequency spectrometer 
is used as a band octave filter. WU-filters-analyzers are made in the form of two 
asymmetrical half-links of an M-shaped structure, activated in series. The width 
of the transmission band of each filter is 1/3 octave. Parallel activation of 3 
filters encompasses 1 octave, the total characteristics of which have a flat peak 
with a non-uniformity less than +1 dB. 


Fo, Fos) 23¢b 


Figure 24, LC-filter of the analyzer: fo Pe geometric mean 
frequency of the filter; Af - the transmission band of the filter (Hz). 


As shown in Figure 24, attenuation of the filter at frequencies differing from 
the average frequency of the outer filters, i.e., outside the 1/3-octave band, is 
28 aB. Thue in an acceptable approximation, we have a filter with a flat peak, 
where the transmissions band is distributed between the lower boundary of the 


lower and upper filter and the upper boundary of the upper filter. 


The noise transmiiled through the filter alco ias an even spectrel density and 
the amplitudes are distributed normally. The LC-filters used in the systsm mnke it 
possible to change the spectral density in pertinent parts of the spectrim of low-, 
medium- and high-frequency noises. 
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The LC-filter is aperiodic in all parameters, with symmetzical slopes of 6 dh 
per octave with respect to fy. In the transmission of noise, an equal density was 
produced in the relative bands after the filter above f,, and below f, they had a {59 


falling spectral density in proportion to the reduced frequency. 


A balanced gate circuit with electronic tubes was used to create noise 
pulses, matiplying the instantaneous values of stable noise amplitudes by the 
pulses. The pulses were generated at a frequency set by a stabilized multi- 

vibrator, the length and lag behind triggering were set by phantastrons with 
accelerated regeneration. These “gates” are superior to mechanical switches which 
have great disaivantages because of inertia, This pulse noise generator makes 
it possible to work in the range fram 10 to 60,000 pulses per minute, where the 
on-and-off time ratio can also be recordec in wide ranges. 


After the gate circuit of the attenuator, the sig ..1s proceed to a low-frequency 
power amplifier with a low level of intrinsic noise (-80 dB), and from there to 
the acoustic unit. 


In the experiments conducted at the Department, we basically studied noise with 
@ primarily rectangular ervelope, produced by modulating white noise with rectangu- 
lear pulsen, i.e., noises which fluctuated in amplitude in the form of rectangular 
pulses, filled by white nolge, were used, with the possibility of changing the pulse 
repetition rate and length over wide ranges. 


The amplitude of there signals jumped from 0 to the effective value and back; 
their paremeters were calculated with an oscillograph. 


Calculating the energy for one period vas reduced to computing the area of 
the pulses, i.e., mitiplying the root mean souare of the impulse amplitude by 
its length. 


Several researchers use unmodulated rectangular pulses, i.e., video 
pulses. However, the spectrum of such a signal is so broad that no one acoustic £60 
device can setisfactorily reproduce it. As a result, transient distortions develop, 
and, depending on their length, impulses take on a most varied forn. 
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To establish the necessary level of impulse noise intensity, a delayed noise 
impulse was fed into the chamber. The effective vale was established by a standard 
sound meter (Sh-62). Then an amount was added to the established values to a point 
where impulse noise is less stable with respect to the off-cuuty factor. 


During the course of the experiment, the time characteristics were under 
constant acoustical control witb the ald of a MK-5 microphone, an ENO-2 oscillograph, 
synchronized with a trigger generator, and a MVL-2M electronic voltmenter. 


In the second soundproofed chamber, the acoustical unit is a system where low 
and high frequencies are reproduced by verious types of loudspeakers. Section 
frequency is 800 Hz. The slope of the cut-off is 12 dB per octave. 


Type 2A9 dynamic heads mounted on a triangular sheet 100 mm by 200 m, 
switched on in cophases, were also used to reproduce low frequencies. The sheet 
is placed in the corner of the chamber, forming a closed area filled with loose 


canmercial wadding. 


The radiation of the reverse side of the diffusor isc effectively absorbed. 
Absorption of rear radiation prevents acoustic suort circuiting, iciroves the 


frequency characteristics of the system, and increases output at low frequencies. 


The production of a large amount of acoustical power at low frequencies also 
helps cophasal actuation of the loudspeakers. High frequencies were reproduced by 
two 1lAI7 horn-type dynamic heads with ecoustic lenses. 


As the horn loudspeakers have an acute directional diagram, reflecting plates 
were placed at the mouth of the horn in such a way that sound emergy in a given 
space is distributed evenly. 


In those cases when the effect on the organiem of a specific sound must be 
studied, it is permissible to use a tape recording. The most popular tape recorders 
recommended for there purposes are the MAG-8, MAG~59, "Melodiya,” end "Reporter-3." 
Therefore, in the second soundproofed chamber, magnetic tape recordings of noises 
were used along with artificially~generated noise. 
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To reproduce noise for a long period of time, a part about 2 m long was removed 
from the recording, spliced into a ring and reproduced by a simple additional device 
on the tape recorder. This device consists of two arms with a freely rotating 
roller attached singly to each one. These rollers provide tension for the ring of 
ferromagnetic tape with the noise recording. The tape is drawn out wy a rotating 
rubber-covered roller attached to the top shaft. 


To reduce the reproduction of interference at the point of juncture on the 
tape ring, splices and repairs to the "Joint" were made with "Scotch" brand tape. 
The signel from the tape recorder was fed to two UM-50 power amplifiers ending at 
@ 2-band acoustic unit. 


Physiological research equipment was also mounted in the chamber: to study 
the central nervous system (electroencephalograph, chronoreflexometer, an instrument 
to determine the critical frequency of arountic flashes), the auditory analysor 
(tonal and vocal audiometers), the cardio-vascular system (mechbanocardiograph, 
pulsotachometer, electrocardiograph) and the muscle system (electromyograph). 
Control panels are outside the chamber. There is a bilateral connection between 
the experimenter and the subject inside the chamber — light and sound. 


The creation of such acoustic complexes will meke possible detailed studies 
of the effect of various parameters of stable and impulse noise on the functiona? 
state of the buman organism and of animals. 


The Selection and Unification of Physiological Research Methods in 
Studying the Effect of Noise on the Orgenism 


There are basically three directions in the study of the effect of noise on 
the organism: expcrimental, hygienic and clinical-industrial; these divisions are 
purely arbitrary, for in essence it is one general direction. in this respect, 
selecting a research method is necessary &nd important. 


Of course, considering noise as a factor causing noise sickness obliges 
authors to approach the evaluation of damage to the organism from the position of 
I. P. Pavlov, N. Ye. Vvedenskiy and A. A. Ukhtomskiy. P. P. Pavlov thus indicated 
the necensity of studying the interaction, interconnection, and interference of 
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organs or functions ultimately leading to a correct concept of the organism as a 
single inseparable whole and in its interconnection with the environment. I. P. 
Pavlov also was a firm believer “that our understanding of the whole is based on 


a knowledge of the parts." 


In this connection, a complex approach to the evaluation of the state of the 
organism and its functions under the effect of noise is required of doctors and 
physiologists. This can be attained by proper direction of experimen’ -d the 
necessary series of methodological processes. In this section we sha.. .sriefly 
discuss the most common human physiological research techniques, and several evi- 
dences of modeling on animals to discover intimate processes which occur in the 


organism under the effect of noise. 


Study of the central nervous system. ‘The effect of intensive sound stimuli 
on higher nervous activity was studied in the laboratory of I. P. Pavlov, where it 
was established that sound signals of excessive force can cause overstress of the 
stimulus process and "breakdown" — impairment of higher nervous activity. The 
research was subsequently continued by many physiologists. 


As is known, at the first stage of studying higher nervous activity a number 
of techniques were developed — the motor-food and saliva technique of Krasnogorskiy, 
the motor-defense technique of Bekhterev, the vasculo-motor platysmographic tech- 
nique of Tsitovich, which made it possible to study human conditioned reflex 
reactions based on unconditioned reflexes. 


However, specific characteristics of higher nervous activity in man required 
techniques which world permit the study of willed, conscious reactions, especially 
characteristic of man, formed with the aid of voice activity, i.e., by the use of 
conditioned connections accumulated in the course of an individual life betweer 


words and corresponding actions. 


At the present time in the study of higher nervous activity in man, there is 
a wide use of two basic variants of the voice-motor technique: the first — with 
the formation of motor conditioned reflexes on the basis of preliminary voice 
instructions (Ivanov-Smolenskiy method); the second — with the formation of mctor 
conditioned reflexes on a basis of vocal confirmation (Protopopov method). Each 
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of these variants has positive aspects ard inadequacies. In the voice motor method 
of Ivanov-Smolenskiy, the positive aspects, as indicated by the author, are that 
it permits observation of the rate of formation of time connections. 


One of the disadvantages of this method is that in a large number of adult 
subjects with normal higher nervous activity, no time connection is obtained on 
the basis of confirmation, and to form a time connection, it is ultimately necessary 
to give the subJect verbal instructions. 


The necessity of preliminary instruction was also emphasized by I. P. Pavlov, 
indicating that "one will guess what he should do and anotuer will be in a quandary," 
and further: "By not giving warning, in my opinion, you directly contaminate the 
test" (I. P. Pavlov, 1947). 


The Ivanov--Smolenskiy method is only adequate for young children, in whom the 
time connection is not vet based cn verbal instruction, but is based on vocal 
confirmation. For adult subjects the voice-motor method with preliminary verbal 
instruction is more adequate, as rere speech is used more completely and naturally, 
leaving nv room for absurdity and misunderstanding. 


In studying coditioned reflexes in man, many authors are only interested in 
analyzing its latent period. Excluding the effector response and its intensity and 
other characteristics, as notei by Z. L. Sinkevich (1962), the researchers intoler- 
ably nerrov the possibilities of their data and thereby reduce their achievements. 


A series of reflexometers was used to measure the latent period of the condi- 
tioned reflex; these consist of interconnected communication channels with a panel 
for the researcher, equipped with a time measuring unit, engaged at any signal of 
the experimenter and disengaged at the action of the subject on the transmitter 
corresponding to the pertinent reaction. Many reflexometers also measure the 
magnitude of the reaction, for example, the amplitude of movement of the reacting 
extremity or the intensity of pressure on the transmitter. 


Portable electro-mechanicel timers have been widely used as chronoreflexometers, 
The chronoreflexemeter developed at the Leningrad Medical Institute of Health and 
Hygienre wakes it possible to register the time of tie latent period of the motor 
reaction in milliseconds, as well as the force of pressure of the subject on the 
transmitter in relative units (milliwatts). 
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A chronoscope makes it possible to prcduce conditioned stimuli only at that 
moment when the moving needle passes the zero position. In a single moment the 
errow of the electronic dynamometer, depending on the force of pressure of the 


operating key, deviates a certain number of milliwatts. 


When the conditioned stimuli are supplied by the experimenter, the subject, 
in whom 4 conditioned reflex has been previously developed presses the key plate 
immediately after they are perceived. 


In response to the pressure of the key, the arrow moving along the chronoscope 
scale is instently arrested, fixing the time elapsing between the start of the 
conditioned stimulus and the reaction of the subject, and the force of pressure is 
noted on the dynamometer. Each subject received preliminary instruction before 
the start of the first experiment. In cases when the studies were conducted in 
experimental conditions, the subject was pleced in a soundproof chamber; on the 
wall in front of him a block of instruments was installed with a key mounted on 
it, and sound and light stimuli. The index finger of the right hand was placed on 
the key plate. The experimenter was outside the chember beside the control panel 
(Figures 25a, b), In these cases when the studies are conducted in industrial 
conditions, it is necessary to select a quiet place with minimum extraneous stimuli. 
The subject must be situated so he cannot cee the manipulations of the researcher. 
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Figure 25. Study of the functional state of the central nervous 
system using reflexometry: a - position of the subject at the 
instrument; b - recording part of the instrument. 
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After verbal instruction: "As soon as you see or hear the signal, immediately 
iy 


press the key plate," and a nurber of preliminary studies, the subject is informed 
of the start of the experiment by the command "Ready!" In 2 - 3 seconds after the 
4netrument is actuated, a signal is given. Upon perception of the signal (a strong 
and weak light) the subject immediately presses the key plete, stopping the arrow 

of the chronoscope by this movement and the deflections of the electronic dynamometer 


pointer. Signals are usually given with intervals of 10, 15, 20, 39 and 50 seconds. 


The first 5 - 8 sets, which were presented to each subject for developing the 
conditioned reflex, are not included in data analysis. 


With the use of this method, many Soviet and foreign authors obtain interesting 
data; however, a number of circumstances must be taken into consideration (Ye. Ts. 
Andreyeva-Gelanine, S. V. Alekseyev, A. V. Kadyskin, 1967). Particularly, despite 
the large number of various kinds of reflexometers used by researchers to determine 
the intensity and time of the latent period of visual and auditory motor reactions, 
parameters such as the intensity of light stimuli, the level of intensity and the 
frequency composition cf sound signals, es well as experimental conditions stiil 
remain u.standardized. At the same time, all these factors have a considersble 
effect on the reaction time. The experimental research of Medeiros and his asso- 
ciates (1965) showed that reaction time is affected by illumination levels and 
sound intensities, but the most significant characteristic is the intensity of the {65 
stimulus, which is directly dependent con reaction time. Costa and his associates 
(1965) have established that changing the intensity of the signal affects the 
mechanical delay of the reaction time. 


The time dependence of the reaction on the intensity of the stimulus has been 
studied by many authors and has been definitely established. All authors agree 
that the maximum reaction time is observed with near-threshold stimuli; as the L66 
intensity is increased, the latent period is sharply reduced, and with certain 
moderate intensities of stinulation the reaction time reaches its minimum and 
subsequently barely changes. 


The research of Hall and Kries (1879), Kasther, Wirh, Smith et al., (1952) 


also showed that the location of the signals and their distance from a central line 
must te considered iu determining reaction time to light. According to the data of 


64 


Kobrick (1965), reaction time increases significantly wher the signals are located 
more than 30° above a horizontal line with side spacing 55° from center. When the 
signals are placed along the horizontal line of sight (even on the periphery), no 
essential shifts are observed in reaction time. In the works of Bevan (1965), it 
was also shown that the reaction time is less with constant than with varied 
intervals. The differences in the time reaction between groups with constant end 
those with varying intervals increased in relation to their length. 


On the basis of published data, as well as numerous experiments conducted at 
the Department of Occupational Medicine of the LSGMI, a unified method of studying 
acoustic and visual motor reactions has been recommended (Ye. Ts. Andreyeva--Grlanine, 
8. V. Alekseyev, A. V. Kadyskin, 1967). Light signals must be placed leve_ with 
the horizontal line of sight; the intensity of a weak light signal is 2 lx, ar. 
that of a strong light signal — 30 lx. In using a sound stimulus, as we suggest, 
both the level of intensity and the frequency composition of the sound signal aust 
be taken into consideration. We find it possible to use as a test a pure tone of 
1000 Hz with a level of intensity of 80 dB for a weak stimulus and 90 dB for a 
strong sound stimulus. We must also note that surrounding noise must not exceed 
30 dB. When conducting the study under noisy conditions exceeding these parameters, 


its level. of intensity must be recorded, 


Etudy of concentration of attention. In studying the effect o1 noise on the 
central nervous sytem, authors attach great importence to attention. As is known, 
attention was the object of study even in the XIX century. The first experimental 
research in the area of attention was conducted in the laboratory of V. Vund (1912). 


Subsequently, Soviet and foreign authors have conducted a large numbcr of experi- 
ments dealing with the scientific basis of attention and the effect of sound stimuli 
on ettention. 


Among the basic kinds of willed attention, its concentration pertains to a 
number of complex processes. We must also note that, from a practical point of 
view, a given kind of attention is related to a number of very important processes, 
as it is one of the basic conditions of prolonged human activity in phsical and 


mental work. 


65 


In studying changes in concentration of attention under the effect of noise of 
various parameters, the majority of researchers use the “crossing-out" method. 
Research work in this country most often makes use of the proof lists of Anfimov, 
edited by V. V. Rozerblat and Yu. V. Kalinin. This method consicts of giving the 
subject a list of items or the text from a book and instructing him to read over 
these symbols for a certain length of time and cross out those which were shown him 
before the start of the study. To avoid becoming accustomed to the same symbols, 
the setting must be changed. The degree of accuracy and productivity of attention 


are determined by the number of correctly crossed out symbols. 


A. 2. Marinyako (1964) described a simple and available methcd for attention. 
The essence of this method is that a number on a clock dial is called to the sub- 
ject, and as it is passed by the second hand he must make a mark with his finger. 
Premature reactions are noted by a - sign (minus), and late reactions by a + sign 
(plus). 


Study of the auditory analysor. An important aspect of studying the erfect 
of noise on the auditory analysor is the qualitative change in hearing (audibility) 
and the establishment of measurement units on a continvous scale of intensity and 
frequency. One of the most common methods of evaluating the results of noise 
influence is tonal audiometry. 


Audiometric measurements concern signs of objective values; reactions of the 
human subject ere a reflection of subjective feelings. To find a common language 
for physicists and psychologists, it was necessary to estatlish the relation between 
objective and subjective values. The basis of audiometric measurements was the 
Weber-Fechner law which concerns all kinds of stimuli, not merely acoustic. As it 
known, according to this law, perception of a stimulus increases in geometrical 
progression. In other words, the perception of a stimulus is a iogerithm of the 
stimulus. 


The most important range of frequencies for characteristics of auditory 
sensitivity was studied — fram 100 to 6000 - 8000 Kz. : 


To study bearing with separate tones (tonal eudiometry) one must have sources /68 
of sounds which will produce pure tones in a wide range of audible frequencies of 
any strength. At the present time tuning forks, as well as electric sound generators 


and audiometers, are used for this purpose. 


It is recommended that all audiometric research be conducted in a quiet place, 
preferably in a soundproof chamber. The presence of surrounding noises, as with 
the study of visual- and audio-motor reactions, can significantly distort the data. 
Acoustic insulation tc a level of 20 ~— 30 dB is completely satisfactory for physi- 
Ological-hygienic and clinical research. We must note that it is usually not 
recommended to make higher eoundproofing demands, as conditions approxinating 
absolute quiet are far from physiological and they certainly heave an unfavo;able 
effect on the examinee and create conditions for the possible pronounced effect 


of the natural sounds of the organism, primarily the sound of pulse and respiration. 


In experimental and clinical conditions, it is desirable to conduct audiometry 
in rooms made of two parts. The audiometric equipment and the researcher occupy 
the first part of the room, and in the second, insulated part is the acustic-—examinee 
wearing earphones. In cases when it is difficult to select a rocn mede of two parts, 
it is necessary to use a room with the lowest levels of surrounding noise. The 
examinee must be seated so that he cannot see the manipulations of the examiner. 
He reports the perception or nonperception of the signal with the aid of a light 
signal by pushing a button on the microphone connection or by raising and lowering 
his hand. The subject is allowed to hear, in preliminary testing, several tones, 
while he does not know what is expected of him. The study is first conducted at 
a frequency of 1000 Hz, then at 2000, 3000, 4000, 600t' and 8000 Hz, then is again 
verified at 1000 Hz, and, finally, auditory sensitivity at frequencies of 500, 250 
and 125 Hz is determined. 


One must try not to prolong the time of the studies, as increasing exposure 
can fatigue the auditory analyror. At the same time, foreign literature includes 
indications that, to shorten the time of the studies, it is possible to conduct 
tonal audiometry on only one frequency. It is difficult to agree with this, as, 
for example, in the research of S. V. Alekseyev (1964, 1968) it was shown that in 
the effect of separate octave bands of noise, the greatest reduction in hearing is 
observed within the operative band, as well as in the half-octave above. Thus, 169 
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the strongest effect on the voice frequency range should be that of noise whose 
greatest amount of energy is located in the low and medium frequency components. 
Altbkough losses of hearing at frequencies over 2000 Hz do not disturb voice per-. 
ception, they should be taken into consideration, as the shift in thresholds at 
frequencies over 2000 Hz is usually more pronounced and they can be a certain 
criterion in determining the state of auditory sensitivity. We must also consider 
the fact that under industrial conditions various kinds of sound signels are often 
used whose spectrum primarily consists of high-frequency components, and failure 
to reduce hearing at high frequencies can lead to industrial traumatien. 


The level of intensity perception by the audiometer must be periodically 
controlic’ and edjusted at least every three months. As is known, the simplest 
means of cont:o1 is determining threshold curves in 5 = 10 young people with norma} 
thresholds of audiitjlity. We must also note that a tonal audiometer, like any 
electronic Iinetrument, must be checked every day in special units, and in case of 
inaccuracy independent repair is not recommended, but its independent parts should 
be exchanged. 


In particular, the problem of mainteining eudiometric yeluee in en unchanged 
condition is closely connected with that of earphones, as earphones are the most 
defective part of audiometers. The earphone consists of a special cushion which 
creates a certain volume of air between it and the ear drum. The acoustical load 
provided by this volume enters into the initial calibration; therefore, the cushion 
should not be changed without especial reasons. Different padding in tau same ear- 
phone can change the level of intensity by 6 ~- 8 dB or more. The means of mounting 
the earphones is also important; they must not cause pressure on the external ear, 
as this can cause pain in a long test; pressure on the external ear can also in- 
tensify bone conductance, which can reflect on the results of the study. There 
are also data indicating that pressure can lead to collapse of the external acoustic 
meatus, which can also be a cause of ineccurate results of audiometric study. The 
earphone and the bone vibrator must be positioned with special mountings, as when 
the earphones are held to the ear with the hand, musculer tremor is transmitted 
which usually masks low frequencies and the ear is subjected to extraneous sounds. L7o 
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For magsive research of hearing, some authors often use tonal audiometry in a 
free sound field. In this case, ve must caution against possible inaccuracies which 
can develop during the study, as levels of sound pressure largely depend on the 
direction of sound toward the external ecoustic meatus. 


Voice sudiometry. Pure tones used in tonal audiometry are a good laboratory 
test, which is applicable to tie study of hearing. But the human auditory analysor 
is more capable of perceiving complex sounds, usually in voices and higher frequen- 


cies in nature. 


Continuous communication between hearing, voice and muscles is necessary for 
the complete development of man. Voice perception is not only a physiological 
process, but a psychological, cortical process, and using a tonal audiometer there 
4s no possibility of recording and measuring all tke elements of this process. 


As is know, the frequency band between 400 and 2500 Hz ie most important in 
voice discrimination. It is natural to expect that hearing reduction for pure tones 
in this frequency band has the greatest effect on change in voice perception. 3B. V. 
Bogdanov (1959), 0. VY. Sclcvcy (2965) aud others, bave in fact, shown the presence 
of a direct dependence between these two effects. However, various cases of sick- 
ness are known clinically in which considerable discrepancies are discovered between 
a loss of hearing for pt-e tones and for speech. There are cases when voice percep- 


tion is significantly more disturbed than the perception of pure tones. 


Voice study of the auditory function is one of the oldest means of research. 
Methods universally used for this purpose until recently consisted of finding the 
minimum distance between the mouth of the apeaker and the ear of the subject which 
4s necessary for correct sound perception of whispered or conversational speech. 
Determination of the distance served as a certain standard of voice sounds necessary 
for its distinction. The main fault of such e study was the impossibility of stan- 
dardizing force and quality of sounds, as a result of which the disparity in studies 
could reach 10 — 20 GB. 


Taking {nto consideration the disadvantages of studying conversational, 


whispered speech, G. I. Grinberg and R. A. Zasosov (1952) suggested a voice audio- 
meter. The advantages of this instrument over using frequency and conversational 
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_Bpeech are the uniformity of text and diction, regulation and recording of the 
level of intensity of transmitted sound recording, and also that loss of hearing is 
determined in comparative values — decibels (dB). It consists of conversational 
speech or single words, recorded on magnetic tape or a record, transmitted without 
distortion on a dynamic telephone attached to the ear of the subject. The force 
with which the word is transmitted is here regulated by an attenuator. 


In this country, for voice audiometry we use the six tables of T. I. Grinberg 
and L. R. Zinder (1956), each of which consists of thirty words. The results of 
voice audiometry are recorded in the form of growth curves of intelligibility of 
speech in special blanks where the level of sound intensity is plotted along the 
abscissa axis, and the intelligibility of speech in percentagec — along the 
ordinate axis. : 


In physiological-hygienic and clinical studies, the following points are 
usually determined to obtain the curve of intelligibility: the threshold of sound 
detection, and speech sounds, the threshold of detection of 50 and 100% of audible 
words. Normally with a level of intensity of 30 dB, intelligibility of speech is 
50%; with an intensity of ho aR, it 42 AO%; when the intensity of tranusmittcd 
words reaches 50 dB, intelligibility of speech reaches 100%. 


Mase examinations can be limited to determining the threshold of 50% voice 
intelligibility. The results of this study ere plottec on a tonal audiogram blank 
in the form of a doub).e shaded line in the frequency range from 256 to 4096 Hz. 

Loss of hearing is det2rmined in this case as the difference on this scale between 
the threshold of 50% voice intelligibility of the subject and the threshold of 50% 
intelligibility of a person with normal hearing (Figures 26a, b) (S. Z. Romm, 1966). 


Discretometry. The use of tonal and voice audiometry methods in studying the 
effect of noise on the auditory analysor is very important. However, the use of 
this method does not permit adequate evaluation of the functional state of the 
auditory anayscr. As is known, any analysor consists of numerous functional units, 
distinguished vy varying degrees of excitability. The range of stimulation charac~ 
terizes the so-called functional mobility of nerve processes of a particular 
anslysor. 
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Figure 26. Audiometric study of hearing: a - subject in soundproof 
chamber in a study of air conductance; b - recording the subject's 
responses. 


The research of A. I. Bronsliteyn (1930),F. 0. Makarov (1936), S. RX. Gol'dburt 
(1964) and others revealed a high functional mobility of the auditory analysor; 
any change in the functional state of the nervous system affects the value of the 
critical discrete ‘nterval (discontinuity). 


The most acceptable method in physiological-hygienic research to study the mobility 
of basic nerve processes in the auditory analysor is determining the critical fre- 
quency of a discontinuous noise stimulus (sounc bursts). A type V2Z-58 modified 
discontinuous noise generator can be used for the study. This determincs the 
critical frequency of "sound bursts,” i.e., the maximum number of intervals per 
second, which is still perceived by the subject as discontinuous noise. With fur- 
ther increase in the frequency of the bursts, the intervals merge and the noise is 


perceived ae continuous noise. 


The discontinuous noise generator is a block in which a «shit noise generator 
and an interrupter are combined. Noise is interrupted by a cis ust composed of a 
multivibrator and a type RR-7 relay. Also specified in the system are amplifiers 


of the level of continuous noise and discontinuous noise, "souna bursts." The 
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instrument has three scales which determine the critical frequency of the discon- 
tinuous noise stimulus at absolute values from 2.4 to 360 interruptions per second; 
and a generator of contim us and discontinuous noise to cynanic telephones. There 
ere two Jacks on the instrument: one — to connect the control telephone, through 
which the subject hears the white noise, and the second — for the "sound burst 
telephone to which discontinuous noise is fed. 


In studying the mobility of nerve processes in the euditory analysor of the 
subject, he first becomee familiar with discontinuous "white" nois- and with con- 
tinuous noise, for example, at frequencies of 170 - 190 pps/sec. Then, noise with 
widely spaced interruptions is presented (8 - 10 pps/sec). When there is a correct 
response, the frequency of interruptions is increased, consistently monitoring the 
responses of the subject. Subsequently, the frequency of interruptions is increased 
until the subject registers the blending of seperate "sound bursts" in one 
uninterrupted, continuous noise. This study is repeated 3 — 4 times with each 
subject, and in comparing the results the greatest frequency of sound burets » 
which are still differentiated as individual variations of suund, usually is 
considered as the critical frequency of "sound bursts." 


Study of the cardio-vascular system. Tacho-oscillography. At the present time, 
in studying the harmful effect of noise on the organism, specialists are widely 


studying the functional state of the cardio-vascular system. As is know, the 
functional state of this system is characterized by changes in hemodynamic factors. 
The most important of these are: systolic and minute volume of blood, arterial 
pressure, pulse rate, vessel tone, peripheral resistance, volume of circulating 
blood, rate of blood circulation, venous pressure, bleeding rate, capillary 


hemorrhage. 


Arterial blood measurements and pulse rate are most widely used by the authors 
in studying the effect of noise on the cardio-vascular system in experimental and 
industrial research. 


Arterial pressure is the resultant interaction o; numerous hemodynamic factors. 
The most important of these are: a) the amount of blood in the vascular system per 
unit of time; b) the amount of blood leakage through the precapillary channel; c) 
capacity of vascular walls; d) compressive stresr of arterial vascular walls. 
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As is known, minimal pressure, lateral or true; systolic pressure; mean 


pressure and maximum or final, systolic pressure can be differentiated. 


All indirect methods of stuiying arterial pressure in man are based on 
determining the reaction which must be created in the cuff to cause certain dis- 
turbancer in the movement of blood in the artery of the arn. 


In some cases, the change in the amount and shape of oscillations —= the 
oscilliatory method — is used as an indicator, and in others —— the appearance of 
sound variations. 


In hygiene practice in studying the effect of noise on the functional state 
of the cardio-vascular system, the acoustic means of determining arterial pressure 
is most widely used because it is the simplest. 


In measuring pressure, according to Korotkov, the development of sound largely 
depends on the functional state of the vascular well and does not change only with 
e change in pressure. It becomes clear that in studying dynamic change in blood 
pressure data obtained by acoustic means must be treated with caution. 


The oscillography method is used to determine mean pressure. We must note 
that instruments for recording the oscillogram, on the basis of which the level of 
average hemodynamic pressure can be determined, differ by their great inertia. 
Typica? osci.lograph curves are obtained only in 30% of the measurements. In 170%, 
it is difficult to establish not only the amount of mean pressure, but even the 
level of minimum and maximum pressure, as the transition of the oscillations from 
smal) to large occurs gradually (N. N. Savitskiy, 1963). 


In paysiological-hygiene and clinical research, the most acceptable is the 
tacho-oscillographic method, suggested by NH. N. Savitskiy which essentially differs 
from previously *isted methods in that, instead of opticelly recording changes in 
the volume of the vessel under the cuff, the rate of volume changes is noted. 


The differential curve obtained in this way gives the characteristic changes 


in its lower diastolic section; therefore, in reading the curve the changes in the 
height of the oscillations ere not considered, as was suggested by Mare, but the 
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deformatics. of the lower section of the oscillogres, which accurately determines 
all four values characterizing arterial pressure. This method removes all 
inaccuracies in determining mean pressure related to the use of other methods based 
on the principle of Mare. The techo-oscillographic method of studying the func- 
tional state of the cardio-vascular system under the effect of various parameters 
of noise in industriel and experimental conditions allowed the coworkers of the 
Department of Occupational Hygiene of the LSGMI*to determine indirectly in man the 
amount of true systolic (lateral) pressure, and therefore, the trve amount of pulse 


amplitude and the amount of the hemodynamic beat, or beat pressure. 


Pulsotachometry. In hygienic practice, pulse rete is measured to obtain the 
characteristics of changes in the functional state of the cardio-vascular system 
under the effect of various industriel factors. At the present time, various types 


of pulsotachometers are being increasingly used. 


Determining pulse rate with a pulsotachometer is based on the principle of 
measuring residual voltage in a capacitor charged to a certain voltage and dis- 
charged during a time interval, i.e., the lower the pulse rate, the less voltage 
in the capacitor at the end of the discharge. Because of this, the scale of the 
voltmeter, measuring residual voltage, can be calibrated directly in pulse rate 
units (beats per minute). 


This method allows dynamic observation of the pulse rete for any length of 
time, both in clinical as well as industrial and experimental conditions. 


A method of studying the central nervous system in animals. Scientific 
developments indicate that the productivity of research is jetermined, on the one 


hand, by proper formulation of the problem end aims of the study, and cz the other 
— by the methodological process of conducting the experiment. We know of many 
examples wher the research method played the determining role in develcping a 
certain problen. 


The use of electrophysiological research methods was a new stage in the 
development of medical science. The example of the scientific work of I. M. 
Sechenov, N. Ye. Vvedenskiy, A. A. Ukhtomskiy, and I. P. Pavlov shows conclusively 
that the method of study played a decisive role in understanding the very complex 
aspects of the vital activities of organisms. 


*Translator's Note: LSGMI © Leningrad Sanitation and Hygiene Medical Institute. 
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It will not be an exaggeration to say that electroencephalography, the purpose 
of which is to study the electrical activity of the brain, has now become ore of 


the basic, and in many cases still the only means of studying various asrects of 


the activity of the central nervous system of animals and man. The elestrocncephaio-~ 


graphic method helps to reveal the role and importance of various brain formations, 
and to discover increasingly newer regularities in its functional organization 


and activity. 


However, electroencephalogrurhic methods which can record directly the reaction 
of the central nervous system in studying the results of noise have until recently 
obviously not been used enough. This can be explained by the following: first of 
&ll, the electroencephalographic method of research was only conceived in the 
1930's when noise had not yet assumed the character of an urgent problem requiring 
solution; secondly, until recentiy, studies of its effect on the organism in the 
majority of cases were aimed at finding its effects on the function of the auditory 
analysor, and only recently have there been studies of the inadequate effect on 


the organisn. 


Therefore, until now the question of the effect of noise on various sections 
of the central nervous system has remained open. 


Of great importance in the effect of noise are the electrophysiological 
characteristics of various zones of the cerebral cortex where important analytical 
and synthetical processes occur which serve as the basis of higher nervous activity 
(I. P. Pavlov, 1926). However, even I. P. Pavlov pointed out the differences 
between functional properties of nerve structures of the cortical and subcortical 
level; he emphasized that "from the physiological point of view, subcortical centers 
ere characterized by intertia in relation to stimulation as well as inhibitory 
processes." This characteristic of subcortical centers, and the "stability of 


nerve processes causes the subcortex to tone the cerebral cortex,” 


appeer to be 
the source of its pewer. The discovery of differences in the properties of nerve 
processes in the cortex and subccrtex allowed I. P. Pavlov to edvance the theory 
of functional cortical-subcortical relations as the basis of the integral activity 
of the brain. However, the study of the physiological mechanisms of the activity 
of subcortical formations still remains one of the pressing problem in the physi- 


ology of the central nervous system. This is why the study of the functional 
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characteristics of various subcortical nerve formations in response to the effect 


of a sound stimulus, having such a wide extent, is ef such obvious interest. 


Of anvealuable service in this respect is the method of studying the bioelectric 
activity of various stages of the central nervous system by implanting electrodes 


in a chronic experiment. 


The materialistic theory of I. P. Pavlov about higher nervous activity convinces 
us that chronic experiments are the only proper method. It must be emphasized that 
only by studies which are conducced under chronic conditions can data be obtained 
which reflect the true functional interrelations which have been accumu).ated in the 
organism in certain circumstances. The advantage of chronic experiments is the 
possibility of studying a physiological phenomenon in a practicelly intact organism, 
to examine a given vhenomeron in aynamics, to reproduce tke pricess, and, finally, 


to study true functional phenomewa in those parameters which exist in nature. 


We know that researchers were interested in subcortical formations even in the 
XVIII century; however, this problem still maintains its timeliness. One of the 
basic reasons for this is the level of methodological processes of study used in 
the various period~. of the development of clestropiysiclogy. Ties efure, the great 
importance of chronic experimental means for studyirg the activity of different 
stages of the central nervous system under the influence of various stimuli, 
including noise, requires no additional proof. 


The most pronounced use of chronic methods to study central physiological 
wechanisnu.s in the activiry of the brain is the utilization of electrode implantaticn,. 
Electrode implantation a3 a means to study bioelectric reactions of the central 
nervous system under conditions of relatively free behavior of animals was first 
suggested in this country by A. B. Kogan (1936). It wes he who developed the 
necessary tecnica? ard methodological principles for combining various applied 
stimuli of nerve structures and recording biopotentials from them in chronic experi- 
mental conditions (A. B. Kogan, 1949). Fy now the use of implanted electrodes is 
common here and atroad. Many wori.s of various authors have appeared which generalize 
experierce accumulated in this direction (A. B. Kogan, 1949; "Electrical stimulation 
of the brain,” Texas Press. 1961; Ya. Buresh, “4. Fetran' and I. Zakhar, 1962; Yu. G. 
Kratin, N. P. Bekhterev, V. I. Gusel'nikova, V. A. Kozhevnikov, V. T. Senichenkov, 

Vv. V. Usov, 1963; R. A. Durinyan, 1965; ard others). 
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KN. A. Rozhanskiy (XN. A. Rozhanskiy and T. G. Urmancheyeve, 1$55) in particular, 
has written that "subcortical structures must be studied as a complex, using the 
method of chronic implantation of electrodes, studying the properties of the sub- 
electrode region by means of applying various stimuli, considering location, and 
what is especially important, studying electrogrems under various influences or 
induced conditions" (quoted by F. P. Vedyaev, 1965). 


On the basis of the above, in modern research one of the primary methodological 
processes is studying bioelectric activity of various sections of the brain by 
implanting electrodes, as well as several autonomic functions in conditions of. 


relatively free behavior of enimals in a chronic experiment. 


Research is most often conducted on non-narcotized rabbits (A. V. Kadyskin, 
1967). The selection of rabbits as the experimental object wes motivated by: 
first, adult rabbits have standard sizes and shape of skul) and this insures 
accurate entrance of the electrodes into the necessary structures,.and secondly, 
the majority of experimental electrophysiological brain research described in the 
literature, was conducted on rabbits. which makes it possible to compare our dita 
with published material. 


In connection with the fact thet stereotaxic atlases are compiled for average 
sizes of animal brains, rabbits selected for the experiment hed skill sizes closc 
to the average. The necessity for this is indicated by R. M. Meshcherskiy (1961). 
The most successful experiments, in which accuracy of implantation was greatest, 


took place when rabbits weighing 3 kg were selected for the test. 


For leading off blopotentials in deep-seated structures of the brain, we used 
metallic manganin and Nichrome electrodes 0.6 - 0.7 mm in diameter. Insulating 
material for the electrodes was an alcohol solution of bakelite lacquer , resietant 
to biological effects. (Only the tip of the discharge electrede remained uninsulated. 
The potentials developing in the cerebral cortex were led off with the help of 


cortical electrodes made of s*ainless steel. 
The operation of implunting the electrodes for the chronic tests was conducted 


under morphine-aminezin narcosia with a stereotaxic instrument according to the 


atlas of Ye. Fifkova ard G. ‘Marshall (1962) in relatively sterile conditions, 
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After preliminary preparation of the operating field, the head of the animal was 
fastened. in a head support. The skin was smeared with iodine and 70% alcohol. The 
surgical instrument was sterilized by the vsueal means. Then the skin was slit and 
the skull exposed, the periosteum was removed. Trephinatior sections were found 
and noted on the surface of the skull in relaticn to dead center. In the marked 
sections of the skull, fastened in the stereotaxic instrument, holes were drilled 
with a hand trephine. Previously disinfected electrodes were attached to the 
support. ‘hen the coordinates of trephined holes were again verified and having 
cerefully dried the bone, the electrode, fastened to the electrode support, vas 
in*roduced with a DK-3 instrument. 


‘Cortical electredes were implanted as follows: a needle attached to a special 
holder, was mounted by the blows of a small bemmer in the corresponding projection 


zone vu. the rabbit's cerebral cortex. 


Subdcortical electrodes were implanted in the specific nucleus of the thalamus, 
the ventral, medial, and reticular nuclei of the thalemus, as well as in the reti- 
cular formation of the mesencephalon and the pons varolii. Cortical electrodes 
were introduced into the auditory, sensory-motor and optic regions of the cerebral 
cortex. 

Selection of structures for bioelectrical activity reseerch was motivated by 
various reasons. Recording the biopotentials of the cortical areas, where the 
most important analytical-synthetical activity takes place, made it possible to 
evaluate the dynamics cf basic nerve processes in these zones as well es study the 


reaction of the central part of the auditory analysor to prolonged noise. 


On the basis of morphological data, it can be asserted that the thalamus based 
on its construction perceives afferent ‘mpulsation from all receptor-aralysor 
systems. As the medial and reticular nuclei are forme*ions of the thalamus, which 
according to present concepts is related to the diffuse projection thalamic system 
(P. K. Anokhin, 1958, 1969; A. Brondal, 1950; Megun, 1955) and along with the 
reticular formation of the brain stem has an activating effect on the cortex, there 
is great interest in finding the "personal interests" of these structures in 
* response to a noise stimulus. 


In the entire camplex of norspecific nuclei, the reticular nucleus is especially 
interesting. It has direct connections with the cortex and, in practice, is con- 
nected with all brain structures (R. A. Durinyan, 1965). Of special interest is 
recording biopotentials of the lateral nucleus of the thalamr, as this nucleus is 
a nonspecific part cof the auditory tract, the study of the functional stute of 
which is of undoubted interest in sound stimulation. 


All implanted electrodes were inmobilized by a medical styracrylic. We know 
that for qualitative recording of biopotentials, reliable electric contact must be 
created between the electrodes implanted in various brain structures and the imput 
of the electroenccphalograph amplifier. Many varied methods of implanting and 
attaching electrodes have been developed for recording the EEGs of animals. 

However, this often requires tne use of special electrode blocks or immobilization 
of the animals, which is undesirable for conducting chronic experiments. Therefore, 
we used ordinary seven- and nine-pin tube sockets, the bases of which were attached 
‘by styracrylic on the skull of the rabbits. All implanted cortical and subcortical 
electrodes as well as indifferent electrodes located along the center line of the 
skull on the nose bones of the rabbit, were soldered to the metallic terminals of 
the socket, Then it was finally attached by medical styracrylic. Stable electrical 
contact between the implanted’ clectrodes and the iaput of the EXG amplirier vas 
reached so that during the experiment tke plug with the cord of conductors, leading 
to the inpus of the electroencephalograph, was closely connected with the socket 
(Figure 27). Aligning plugs were arranged on the panel to correspond to the sol- 
dered electrodes. The input system of the electroencephalograph was attached to 

the wall of a screened cage. 


mae 27. Rabbit een the experiment. 
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The animal tests began a week after the operation so that stimulation and 


edema of the brain structures involved in the operation were reduced to a minimun. 


Means of leading off bioelectric potentials of the brain. The potential lead 
from all the structures studied was monopolar. ‘This is due to the fact that at 
present the majority of authors recognize the advisability of monopolar leads, which 
record the difference of potentials between any active and indifferent electrodes. 

In bipolar leads the algebraic swa of the original monopolar leads is recorded. 

Thus, bipolar tracing does not give the true location of centers of stimulation or 
the form, amplitude or changes of induced potentials. Therefore, in atudying induced 
potentials, the most adequate means of recording, providing both sufficient locali- 
zability and accurate reproduction of the form of electric brain responses, isa 
monopolar lead (R. M. Meshcierskiy, 1955). 


Methods of studying the dynamics of basic nerve processes under the influence 
of noise with the aid of fiinctional tests. The functional mobility of the nerve 


formations of the brain in question under conditions of prolonged noise was deter- 
mined by applying rhythmical light stimuli from a photostimulator with stimulus 
frequency from 0.5 to 30 Hz. The distance from the light source to the animal was 
250 mm, energy of the flashes —— 0.3 Joule. Photostimuletion vee applici before 
‘the noise, during the experiment and after the noise effect, which makes it possible 
to judge changes in the runctional lability of brain structures in the dynamics of 
the experiment. 


The areas of the brain in which changes develop in response to noise were 
defined more precisely by using drugs selected for their effect on certain zones 
of the brain. In accordance with present concepts of biologically active substances 
which react with specific biochemical systems in cell synapses, we used drugs which 
reinforce ard depress developiry inhibitory end stimulating proceeses. We used an 
adrenolytic —— eminazine, an adrenomimetic —- phenamine, a cholinolytic — amvzil 


and an anticholincesterase prepsration —~ niveline. 


During the exp2riment, the animals were placed in a screened cage 1000 x 500 x 
500 mn in size, in conditions of relatively free »behavior in a specially constructed 
soundproof chaaver. All noise-reproducing, noise~analyzing, and physiological 
equipment was in an adjoining room. The chamber was remotely contrclled. The beha- 
vior of the animals during the experimeat was observed through a apecial viewing 
window. 
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Methods of checking the insertion of electrodes. After the experiments 


vere finished, the animals were killed, and the location of implanted electrodes 
was checked on serial brain sections, stained by Nissl's method. The essence of 
histological control is that the electrode trace was determined in corresponding 
frontal brain sections as well as the location of the tip of the electrode. If the 
frontal section is strictly parallel to the electrode channel, ite intermediate 
positions are also quite accurately determined. The sections were miscroscoped and 
photographed. The location of the electrodes was compared with frontal sections of 
the rabbit's brain. 


Special attention must be given to the quality of the inflicted noise stimuli. 
On a vast biological scale, the problem of stimulus quality has been developed in 
the works of D. A. Biryukov (1960), F. P. Vedyeev (1965) and othera. 


In fact, if we do not attach special importance to the physical characteristics 
of inflicted noise stimuli, we can arrive at essentially different conclusions about 
response reaction of brain structures. However, published works often lack accurate 
physical characteristics, while, as has been proven (Ye. Ts. Andreyeva-Galanina, 

5. V. Alekseyev, A. V. Kadyskin, 1967), even slight changes in the quality of the 
inflicted aoise stimuiue will leaa to essentially different reactions of the organian. 
Therefore, the physical cheracteristics of noise must be under constant control 50 
parameters necessary for the purpose of the experiment are strictly maintained. 


The data obtained as a result of the experinents were subjected to statistical 
analysie according to the veriation statistics method. Mean values of the electrical 
veriations under study (frequency, amplitude) were calculated, as well as mean 
error, root mean square deviation, Student criterioa and the correlation coefficient. 
Test results were considerel reliable if the Student criterion wes not less than 
2.98, which corresponded to a significance level of P < 0.05. 


Methods of studying several autonomic reactions in animals under the effect of 


noise. Along with the study of the reection of the central nervous system to the 
effect of a noise stimuius, there is also interest in chanses which develop in 
cardiac activity and in the respiratory system, depending on the perameters of tie 
noise, and comparing them with responses of the certral nervous system. This was 
necessary in order to find the degree of involvenznt in the response reaction of 
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vital centers of the autonomic nervous system. Electrocardiogram and pneumogram 
tracings were made for this purpose. 


The electrocardiogran was recorded with steel needle electrodes. The tracing 
was rade before the noise started, against a background of the noise effect (after 
0.5, 1.5 and 3 hours) as well ae in the efter-effects period. These recordings of 
the tloelectric activity of heart muscle determined the value of the R-R and Q-T 
intervals. Then, according to the tables of G. A. Antropov (1965), compiled for 
various EKG indices for rabbits, it is possible to find the heart beat rate per 
minute, systolic indices (actual and normal) as well as the normal length of 
electric ventricular systole (A. V. Kadyskin, 1966). By studying the electrocardi- 
ogram, then, the condition of the most important heart functions —— evtamatian, 
conductance and excitability — can be judged. This, in turn, makes it possible 
to observe various forms of damage in heart muscle, to trace dynamically, with the 
help of the electrocardiogram, the condition of the heart under the prolonged effect 
of various paremeters of noise during chronic experiments. 


The pneumogram was recorded with a special potentiometric transmitter. This 
ie a tube made entirely of rubber, fillec. with graphite dust; connecting wires 
&tiuched to voth ends lead to tne recording device. For recording respiratory 
movements, the transmitter was placed at the base of the thorex of the animals and 
it changed its length in accordance with change in the perimeter of the thorax. 


Respiration was recorded in the same period of time in which the EKG was 
registered. The rate of respiratory movements was studied, as well as qualitative 
charges, relative depth, riuythm and type of respiration (A. V. Kadyskin, 1966). 
This data was also statistically analyzed. 


In recent years, researchers have begun to use toxicological and biochemical 
wsthods to evaluate the effect of noise on the organism in 2xperimental conditions. 
In the Soviet Union, integrated methodr have becc.:: very widely used in experiment 
to atudy the effect of various deleterious factors on the organi=w. In particular, 
these integrated methuls of studying the condition of animals under certein prac~ 
tical influences make it possible to detect any unfavora-s‘e -tifts in the organien. 
The use of these methods also reveals still latent, but elrec:ay developing changes 


in the organism, as they are reflected in its coniitjou as a vbole. 
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It mst be pointed out that the use of integrated methods in experiments was 
also approved by the participants in the Pregue International Symposium on maximum 


permissible concentrations. 


In this connection, it is advisable to use integrated methods to evaluate the 
effect of noise on the organism of animals (B. D. Zeygel’shefer, 1968). The follow- 
ing integrated methods can be used t> evaluate the effect of noise on the organian 
of animals: recording weight changes in the animals, determining oxygen require- 
ments, determining muscular strength of the animals at rest, determining the length 
of time the animals can swim, calculating the time it tekes a mouse to recover the 
ability to move in a straight line after brief rotation on a centrifuge, determining 
the sumation-threshold index (SPP) of animala. 


Leaving aside discussion cf each of these methods, as this has been done in 
epecial works (M. L. Rylova, 1964, and others), we feel it necessary to note that 
in evaluating the effect of noise on the organism, it is important to determine the 
level of hemoglobin, the number cf red blood cells and carboxyhemoglobin in the 
peripheral blood of animals, as well as the weight coefficients of several internal 
organs (lungs, heart, liver, kidneys and spleen). The latter, as is known, is an 
extremely useiul index for @rterminizg the chronic effect of an unfavorable agent. 


In evaluating the effect of noise on the organim, there is interest in data 
obtained with the h2lp of autoradiogrephy — a method making it possible to study 
the herato-encephalic barrier penetration for tugged phosphate and the exchange of 


phosphurous compovnds in brain structures. 


The brain of white mice, removed fram the skull cavity, is fixated by absolute 
alcohol and enclosed in paraffin. Frontal sections 10 - 12 u thick are prepered from 
the cerebrum at the level cf the optic lobe (the temporal-perieta) portion of the 
hemispheres) and the uesencephalon (temporal-occipital portion of the hexispheres) 
and the mesencephalon (temporal-occipital portior of the hemispheres). Then the 
slices, glued on microscope slides, are pleced on RT-1 X-ray film. X-ray cassettes 
and photographic copying fremes were used to create pressure and provide close 
contact between the section and the photo-sensitive layer. After the exposure to 
noise was terminated, the films were developed and the sections stained. To increase 
the resolving power, the autoradiograms are produced on singie-ply X-ray fiim 
(S. V. Alekeeyev, Kh. A. Getsel', 1968). 
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Considering the great interconnection between the degree of oxygen consumed 
by brain tissue and the functionsl state of the central nervous system, dctermining 
the oxygen consumed by various sections of the brain is extremely important to 
study the effect of various parameters of noise on the organism (Ye. Ts. Andreyeva- 
Galanina, S. V. Alekseyev, A. V. Kadyskin, V. N. Vorontsov, 1970). 


When the noise is stopped, the animals (white rats) are decapitated, and the 
brain removed from the skull, after which corresponding sections of the brain are 
extracted, pulverized to the consistency of thin gruel and placed in a small 
reaction vessel with a Krebs-Ringer-phosphate mixture with a pH ef 7.35 - 7.4. 
Oxygen consumption is studied in a Warburg apparatus at 120 oscillations per minute 
for an hour. Subjected to the study were the cortex of the temporal, parietal, 
occipital and frontal areas of the brain, as well as subcortical formations 
m=  colluculi, thalamus and hypothalamus, after varying exposure to the effect of 
stable and pulse noise. 


The use of these methodological processes to study the effect of noise on the 
orgeniem in experiment, as well as clinical-physiological and industrial research, 
will make it possible to obtain a composite idea of the different damage in the 
organian uncer the effect of various parameters of noise. 
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CHAPTER IIL 
THE EFFECT OF NOISE ON THE HUMAN ORGANISM 


Almost 2000 years ago, people knew about the harmful effect of noise. In 
47 B, C., the citizens of Rome complained to Juvenal about noise in large houses 185 
especially from the bellowing of cattle being driven along the street. Sines the 
beginning of modern times, the number of complaints about noise has progessively 
increased, even to the point of legal proceedings. The complaints were primarily 
agninet crapparsmiths, weavers, etc. Faraceicus in che AVi century was the first 
to describe occupational diseases of miners, noting their complaints about ringing 
in the ears, etc. 


Xn 1700, Ramaccini wrote "A Piscussicn of the Diseases of Workmen,” in 


which he stated that noise causes headaches and diseases of the ear, 


In the development cf industry, the transiticn from hand work to machine work 


brought the noise fecror to almost every factory. 


Progress in technology ts related to the construction of new multicycle and 
multi-impulse machines, engines, and power hand tools. At the same time, the noise 
factor has acquired a different character than previously. Its loudness, spectral 
ccemposition and neture have changed; the approach to evaulating it as a hygienic 


factor is also different. 


If in the middle and at the end of the XIX century, its negative effect was 
discussed only in terms of the pain of the auditory organ, at the present time 
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such an approach to the effect of noise is one-sided. Numerous works in the last 
few decades have shown quite conclusively that noise causes changes not only in 

the organ of hearing, but also in many other organs and systems of the organisn. 
Clinical observations and experimental research indicate that primarily the central 
nervous system, th’: cardio-vascular system, and many others are affected. Noise 
has a stimulating effect on man, changes his behavior, interferes with the 


intelligibility of speech, reduces the productivity of work, and increase traumatiem. 


Yherefore, the question has repeatedly arisen of selecting criteria for deter- 
mining the effect of noise on the organism: should we start with its "damaging" 
effect or take some other factor for a basis, particularly, difficulty in hearing 
voices or signals. The latter approaches the noise factor more as a physical 


phenomenon than a biological one. 


Lehmann suggests that the effect of noise be evaluated according to a biological 
eriterion based on the level of loudness corresponding to four degrees: Ist degree 
(loudness 39-65 phons) has no physiological effect, only mental reactions; 2nd degree 
(loudness 65-90 phons), besides mental reactions, it causes functional shifts in 
the autonomic nervous system; 2rd degree (loudness 90-120 phons) — the same 
Teactions plus ihe danger of deafness; 4th degree (loudiess 120-160) can cause 
paralysis and can act through the skin (evidextly, through receptors of vibration 
sensitivity, — Ye.Te. Andreyeva-Galanina). 


Schwertz (1960) divides noise into three degrees: Ist degree (loudness below 
70 phons) causes slight fatigue; 2nd degree (loudness 70-90 phons) functional and 
pathological changes in the organism; 3rd degree (loudness as muc:: a3 120 phcns) — 
besides those which are typical of lst and second degree, there are changes in the 
auditory organ. 


Both of these schemes can serve to evaluate tentatively the possible effect 
of noise on the organism. Neither the spectral composition of noise nor ite 
character is considered. Moreover, the biological evaluation is also given in 
extremely general characterietics. Although, in our opinion, the ear noticeably 
etarts to suffer later than other systems of the organism, we, nevertheless, feel 
it necessary to start analyzing the effect of noise with it, as a vitally impertant 
receptor for human activity which perceives noise st‘muli of varying spectral 


composition, ite intenejty and character. We must preface this, although very briefly, 


with the structure of the acoustic analysor and its function. 


Effect On The Organ Of Hearing 


Structure of the acoustic analysor. The acoustic analysor is composed of twe 


sections ~ the peripheral and the central. 


The peripheral section includes three parts: 1) a sound collector — the 
external ear, 2) a sound conductor — the middle ear and 3) a sound perceiver — 
the inner ear (Fig. 28). 


The external ear consists of the auricle,the hollow of which becomes the 
external acoustic meatus. This is separated from the inner ear by the tympanic 
membrane or ear drum. The latter is elastic, therebv offering a certain 
resistance to the acoustic wave which is propagated through the external acoustic 
meatus, It has a low acoustic resistance at a vibration frequency of about 869 Hz. /87 
This, and the fact that vibrations are quickly attenuated in the ear drum, make it 
a good transmitter to the chain of auditory ossicles. The handle of the hammer 
is attached to it on the middle ear side. The tympanic membrane does not distort 


the shape of the sound wave, 


The middle ear is a small cavity. The external wall is occupied by the tympanic 
membrane, the internal wall has two windows closed by a membrane (the round 
fenestra rotunda and the oval fenestra ovalis). 


The inner ear is also called the tympanic cavity. It contains three small 
bones — the malleus, incus,and stapes connected with one another and with the 
tympanic wembrane, as well as ligaments, nerves and vessels. The handle of the 
malleus receives and transmits vibrat.ions to the incus, and that in tum to the 
stapes. A muscle is attached tc the handle of the malleus, tensor tympani, which 
stretches the tympanic membrane; a second muscle, stapedius, is attached to the 
head of the stapes. The head of the malleus and the two other auditory ossicles 
have ligaments which are attached et oppozite ends to the walls of the tympanic 
setity. The head of the mal’.eus together with the incus rotates about a certain 
axie, forming a crank lever through which vibrations are transmitted from the 
tympanic membrane to the stapes with a slightly reduced amplitude, but increased 


pressure, Under the effect of noise, both muscles are contracted, as a result of 
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which the amplitude of vibrations of the 
auditory ossicles is reduced thereLy 
protecting the cochlea. The excitation 
threshold of these muscles parallels the /88 
auditory thresholds, but is 30-90 dB higher- 
The latent period of excitability of m. 
stapedius is 10-15 microseconds, and m. 


tensor tympani is longer. 


The inner ear — the labyrinth — is 


a peripheral receptor apparatus; it also 


Figure 28. Diagram of the structure of performs the function of balance, 


the ear, 1 — extemal auditory meatus; 

2 — tympante membrane; 3 — Malleus; accomplished by the semicircular canals. 
4 — incus; 5 — stapes; 6 — cochlea; Part of it performs auditory functions — 
7 — auditory nerve. 


the cochlea, a spirally twisted, tors 
membrane containing a concinuous duct. 

A bony partition (the so-called lamina spirale ossea) prciects from the osseous 
wall into the cavity of the canal, but not reaching to the opposite boay wall. 

The basilar membrane (m. basilaris) extends from its free end. Because of this, 

a cress section of the canai seems iv de divided into two parts, forming two 
Passages; the upper is the vestibular scala (scala vestibuli); under it and 
parallel to it is the second membrane (scala tympani). A thickened part of the 
basilar membrane (alongside the tectorial membrane) contains nerve cells comprising 
Corti's organ (Fig. 29). The nerve cells are arrenged in two rows, forming the 189 
rods of Corti. On their inner and outer surfeces are hair celle; to the outer 

side of these are actached the supporting cells of Deiters. The membraneous 
labyrinth of the cochlea is filled witha fluid ~—the endolymph — and the two 
parts of the cochlea contain the perilymph; endolymph and perilymph are derived 


from blood plasma. 


The structure of the basilar membrane can serve as a basis for judging its 
acoustic properties and for constructing a modern theory of hearing. The basilar 
membrane is composed of individual, uniformly arranged fibers (they number from 
13,000 to 24,000, according to various authors); they are very elastic end 
resemble strings. The tasilar membrane is not of even width. At the base of the 
cochlea it is 0.05-0.1 mm wide, and at the apex (near the helicotrems) — 0.5 m, 
Accordingly, the strings are alse of varying length. 
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Figure 29. Corti organ and the anditory nerve ending. 1 — osseous 


spiral lamina; 2 — tectorial membrane; 3 — inner hair cells; 4 — 
outer hair cells; 5 — basilar membrane; 6,7 — inner and outer arcs; 
8 —- membrane ot Reissnecr; 9 — spiral canal. 


The auditory nerve is composed of nearly 30,000 nerve fibers, consisting of 


a central cylindez with a myelin sheath. 


The pathways of the conductors of the acoustic analysor contain a large 
number of complex intermediate centers located along its entire length from the 
peripheral end to the cexcex. 

The auditory stimuli pass along the central branches of the bipolar cells of 
the spiral ganglion (these branches form the cochlear nerve) to the dorsal nucleus 
of che auditory nerve or the acoustic tubercule, °nd on t- the ventral nucleus. 
From tnese nuclei, the stimuli proceed further along various pathways. From the 
acoustic tubercule along the axons of their cells, they pass under the floor of the 
4th ventricle, and part of them crosses to the opposite side. The other pert 
proceeds along tke lateral lemniscus into thc nuclei of the Jateral lemiscus and 
to the inferior protuberance of the colliculi and enter the redial geniculate 
bodies. 


From the ventral nucleus of the auditory nerve, stimuli are disseminated 
aleng the axons 2f its cells; they reach the upper olive o* the nucleus of the 


corpus trapezoideum on their own and the opposite side, From the ‘nner geniculate 
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bodies, the stimuli reach the temporal area and terminate at the cortical end of 


the acoustic analysor, 


Mechanisms of conducting and perceiving sounds. Sound vibrations enter the 


external acoustic meatus, reach the tympanic membrane and cause it to vibrate. 
Acoustic vibrations are transmitted through the auditory ossicles to the cval 
window and the cochlear fluid. Movements are transmitted through the fluid to the 
round window and beyond; this causes oscillation of che wasilar membrane. The 
hair cells are in centact with the tectorial membrane, which stimulates the nerve 
endings. The tympanic membrane absorbs some of the energy of iurge-amplitude sound 
vibrations and acts as a desensitizing factor (G. I. Grinberg, 1957; R. A. casosov, 
1945). 


The entire sound~conducting system of the middle ear acts as a receiver of 190 
sound energy, transmitting it from the surface of the tympanic membrane to the 
surface of the oval window, an area approximately 20-25 times smaller than the 
surface of the tympanic memhrans, Therefore, the sound energy tete is much more 
concentrated, The muscles of the auditory ossicles, mm. stapedius and tensor 
tympani, are not only reflector regulators of the sound~conducting apparatus, but 
also protective mechanisms agsinst the effect of high-powered sounds. 


If sounds of medium frequency and intensity act on the organ of hearing, both 
muscles are contracted simultaneously, which keeps the auditory ossicles in a 
state of unstable equilibrium and makes it easier for rhe tympanic membrane to 
react to vibrations of varying frequency and intersity. Under the effect of very 
intense sounds, both muscles ure in a state of tetanic contraction, protecting the 


inner ear from danger. 


It is known that sound waves penetrating the external and inner ear pass through 
the labyrinth fluid of the inner ear to the organ of Corti. From there the stimuli 
proceed along the peripheral fiber to tie spiral ganglion, which is located at the 
base of the cochlear lamina. Stimuli travel along the central branches of the bipolar 
cells of the spiral ganglion to the dorsal nucleus of the suditory nerve or the 
acoustic tubercule (nucl. dorsalis n. cocnlearis, seu tub. acusticum) and to the 
ventral nucleus (n. ventralis, n. cochlearis). Further on, the stimuli travel 
along various pathways. From the acoustic tubercules along the axons of their cells, 


forming the acoustic stria:, the stinuli pass under the floor of the fourth 
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ventricle and partly cross to the oppusite side. The stimuli also travel along 
the lateral lemiscus and enter the nucleus of the lateral lemiscus, tie inferior 


protuberarcce of the colliculi and the medial geniculate bodies. 


From the ventral auditory nerve, stimulation along the axons of this nucleus, 
forming the corpus trapezoideum, reaches the superior olive and the nuclei of 
the corpus trapezoideum on its own and opposite sides. From there, stimuli. 
proceed along the lateral leminiscus to the nuclei of the lateral leminsicus, 
inferior prominance of the colliculi and the medial geniculate bodies, and from the 
inner geniculate bodies they reach the temporal area of the brain and terminate 


at the cortical end of zhe acoustic analysor. 


Thus, auditory stimulation in its simplest form must traverse four serially 
connected neurons; tirst — from the o¢gan of Corti to the primary auditory 
nuclei; seconc — from the primary auditory nuclei to the inferior protuberance of 
the colliculi; third — from the inferior hillock to the inner geniculate body, and 
tinally, fourth — from the inner geniculate body to the auditory cortex. However, 
the large number of other subcortical auditory formations which interrupt 
auditory fibers indicate that neurons of various orders travel in parallel ir the 
auditory pathways and , therefore, the actual number of serially connected neurons 
can be much higher. 


Besides the basic pathways conducting sound stimuli in the central route, 
additional auditory pathways have been established: cochlear-cerebellar and cerebellar- 
cortical. Barnes, Magoun, Ranson (1943) showed that the auditory prominence 
returns co)laterals across superior acoustic striae to the surrounding reticular 
formation, where a large number of fibers enter from the nuclei of the lateral 
leminsicus. It has now been shown that, besides the basic, or so-called 
spe:.ific auditory pathway, there is another possibility of sound stimulus penetrating 
the cortex by nonspecific or reticular auditory pathways (P. K. Anckhin, 1962, and 
others). Electrophysiological research has shown that, if a sound stimulus 
enters the projection zone along a specific pathway, it causes local changes in 
the electrogram, while a stimulus along a reticular pathway diffusely proceeds to 


the cortex and causes a generalized reaction of the cortex as a whole. 


Bone conductance, Transmission is possible not only by air pathways, but also 


by bones. This is called bone conductance. A sound with the very same frequency 
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and intensity, supplied through air and bones, is in the second case heard more 
“loudly. Békésy, studying bone conductance, concluded that it occurs by means of a 
complex deformation of the walls of the labyrinth, the walls of the auditory 

¢anal and the apparatus of the inner ear, resulting in displacement of the basilar 


membrane, the same as in air conductance. 


To prove this explanation, Béxésy acted on the organ of hearing by bone 
conductance with 400 Hz sound and at the same time supplied a sound of the same 
Pitch, intensity, and phase which could be varied. The second sound ’ be 
selected so that the ear stopped hearing anything, i.e., one sound has an effect 
on the cochlea equal to, but opposite in phase, to the other. By this tesc, Békésy 
(1932) successfully proved his hypothesis about the effect of sounds when they are 
transmitted ‘by bone tissue. The threshold of auditory sensitivity with a closed 
auditory canal and bone conductance ig 15-20 dB lower than with the canal open. 
Békésy attributed the increased sound of bone conductance with the auditory meatus 
open to the fact that in this case, as a result of periodic deformation of the bony 
skull, the volume of the audiicry canal is aiso changed periodicaliy, significant 
variations in its pressure are transmitted, as in the air entry of sounds, through 192 
the tympanic membrane and farther. With an open auditory canal, bone conductance 
needs another explanation. In this instance the sound is transmitted by ordinary 
air means and bone — by vibration, transmitted by the bones of the skull to the 
cochlea. There is uneven deformation: deformation of the basilar membrane is much 


Greater on one side than on the other. This causes it to shift. 


Vibrations of the stapes with reference to the cochlea provide additional 
pulsation. Measurements made by the author show that both values are of the same 


order. 


E. A. ifasharskiy (1964) conducted interesting experiments on the propagation 

of acoustic vibrations by the bones of the skull when they are applied to the center 
of the parietal area. At various points they were expressed differently. The 
greatest amplitudes were noted in the area of the parietal and frontal prominances. 
Figure 30 gives the amplitudes, taken from various sections of the parietal and 
frontal bones. Reducedamplitude was neted by the author in the area of the face, 
neck, and along the edges of individual bones of the skull and in several other 
parts. From this, the author concluded that these differences are connected not 

. only with the structure of the bone tissue, but also with the configuration of its 


sections and the presence of neighboring elements, other biological structures. 
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The data of E. A. Masharskiy are of 
the greatest practical interest. They should 
be taken into consideration in developing 
and using various individual means of 
protecting the organs of hearing. This 
is especially important when the organ 
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of hearing of blind industrial workers 
must be protected and when they must 
keep track of the working order of 

a machines by perceiving the rhythm of their 
A A operation. 
The work of E. A. Masharskiy cannot 
DS pretend to contain exhaustive data on 
; the characteristics of perception and 
transmission of acoustic vibrations to 
the acoustic analysor by bone, but they 
Figure 30. Propagacion of acoustic a? 
vibrations by bones of the skull. a — agree with the data of Bekesy and indicate 
g:4phic representation of the amplitude that the rigidity of bone formations 
along the sagittal contour of the 
frontal bone; b — the same — along the provides a higher level of loudness than 
eurface of cuts and close to their edges. transmission by air. The further course 
A — amplitude. The broken line indicates 
the ascending activating system. The of sound vibrations is probably as des-— 
arrows show the double f'nctional cribed by Békésy. 
connection between necve centers. 
Region of perception of sound frequencies. The human ear perceives acoustic 
vibrations in a wide frequency range — from 16-20,000 Hz. It has uneven sensitivity 


to various frequencies. The thresholds of perception of various frequencies differ, 
and therefore they are heard with varying loudness. The ear is 10 million times more 
sensitive to high tones than to low ones. The acoustic analysor is least sensitive 
to frequencies below 100 Hz and over 10,000 Hz. G. I. Grinberg and R. A. Zasasov 
suggest this is due to the lack, in the organ of Corti, of nerve instruments capable 
of reacting sufficiently to these frequencies. For the pitch of a sound to be 
perceived, it must be sufficiently intense and prolonged. 


Doughty and Garner (1947) found that the time threshold of distinction 
inci._sed as intensity weakened. Thus, when intensity is reduced from 80 to 40 dB 


for tones of 1000 and 800 Hz, time increases from 10 to 22 msec, and for 125 Hz — 


92 


from 24-40 meec (cited by S. N. Gol'dburt). 


To evaluate the pitch of a sound, it is necessary to know the number of 
vibrations and the time. For a tone of 128 Hz, 4-5 vibrations are necessary 
(vibration lasting 30-40 msec). With a lesser number of vibrations, it is perceived 
as an impact, For a tone of 1,000 Hz, 12 sound waves are necessary, and for 
10,000 iz — 250. , 


Man perceivcs tones with frequencies below 50 Hz because these sounds 
create subjective overtones, which, because of the special asymmetrical constructici. 
of the tywpanic membrane, allow a somewhat lower sound to be perceived. The highest 


clearly-determined tone is one with a frequency 10,000 Hz. 


The acoustic analysor has great discriminatory ability. The arez ot perception 
of frequency diiferences is characterized by a differential threshold, in other 
words, by that minimun change in frequency which can be perceived in comparing 
two discerned frequencies. In the tone range 500-3000 Hz, we can distinguish a 
change of frequency of 0.003%. For example, for a tone of 1000 Hz with an intensity 
of 40 dB with threshold changes, the frequencies will be 997 and 1003 Hz. In the 
50-100 Hz range, only frequency changes of 0.01% can be distinguished. Acoustic 
sensation of identical intensity develops from various frequencies at various levels 
oi sound pressure. If a tone at 1000 Hz is perceived with a pressure of 
2° 10° dyne/cm or 2° 10 n/m , a low tone is perceived with a pressure about 


lidyne/cm , At lower pressures, no nuditory sensation develops. 


The degree or intensity of the auditory sensation is related te the physical 


characteristics of sound. 


The wedium surrounding man, especially in industry, contains a complex com- 


bination wf sounds. 

The acoustic snalysor has che ability to differentiate most delicately, and 
reactions to a sound stimulus seem to be instantaneous. However, this is only 
a subjective sensation. Hundredths or tens of seconds pass from the moment the 
stimulus is given to the subjective sensation of the sound. 


In natural conditions, man ;-erceives complex combinations of sounds. The 
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elementary sound frequencies of which these combinations are composed can follow 
one after the other wich extreme rapidity; therefore, it is important to know with 
what accuracy the human brain rugisters their changes in time. S.N. Gol'dburt 
dealt with this important aspect of the neurodynamics of the auditory system in her 
monograph, one of the outstanding works in this area (1964). 


The studies also showed the importance cf the time factor in separately 
cistinguishing two sounds following one after the other and the merging of dis- 


continuous sounds into a continuous sound, 


Miller end Taylor (1948), on the basis of research concluded that the auditory 
organ reacts not only to the spectrum of a sound stimulus, but also to its tim~* 
characteristics.” The minimum distinguishable interval of time between sound stimuli 
is 0,5-3 msec. One is evaluated as stronger than the other. Békésy and others 
have determined the duration of attensation of the auditory sensation; the criterion 
was the distinct succession of sounds. With an attenuation interval between 
R0-140 mcec, the sensation rimains stable. wiih shorter intervais of discontinuous 
white noise, breaka are perceived. The time of distinguishing the discreteness of 
two auditory stimuli of tue same intenslty can be very short — 1.5-2.0 msec 
(A. A. Volokhoy and G. V. Sershuni, 1935). S.N. Gol’dburt (1964), employing two 
electroauditory stimuli of differing intensity, discovered chat the length of 
activity developing in the acoustic analysor in response to a brief stimulus, can 
be very great and can even exceed the physical length of the stimulus. The following 
types of effects were discovered: residual eff2ct I of stronger stimulus on the 
threshold, loudncss and timbre of stimulus II, and the reverse effect II of a 


stronger stimulus on the threshold, loudness, and timbre of stimulus I, 


The studies led the author to conclude that the first processes which she £95 
observed in perception and evaluation of acoustic vitcations, did not occur in 


the peripieral section of the acoustic analysor, but at one of its central levels. 


Research conducted in recent years, especially on the electrophysiology of 
auditory processce, proves conclurively that elementary differential discrimination 
of a huge range of sounds, perceived by the organ of hearing, does not occur only 
in the peripheral element. Undoubteciy, a sound, dissociated in the cochlea 
into its components, stimulates individual nerve elements. Cortical centers of 


hearing anaiy<e und synthesize these pulses into a general auditory impression. 
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Brilliant works in the field of morphology and physiology of the acoustic 
analysor, with accurate electromicrophysiological studies, compel us to approach 
the evaluation of tonality in a new way. Some researchers are advancing t-:2 
hypothesis of a specific design of nerve activity for each tone, composed of 


islete of stimulation and inhibition between inactive neurons. 


Perception of sound intensity. The intensity of an auditory sensation, evalu- 
ated by man as the loudness of the sound, depends on the frequency of nerve  puises 
sent from the receptor of the organ of Corti along nerve fibers to the brain ce.uters, 
Vurtable electric vultage potentials are found in the cochlea —- cochlear currents. 
The frequency of these variable currents corresponds to the frequency of the 
acoustic vibrations acting on the ear. The voltage of the electromotive 
foree of the cochlea is proportional to the intensity of the sound, 

These cochlear currents can be detected with special equipment; the ear behavee, 


ia the opinion of several researchers, like a microphone. 


Man has the ability to characterize the intensity of sound, to differentiate 
one tone from another, and its shades, pure tone from noise, The ear determines 


the direction of sound. 


The study of the d*fferential threshold of hearing indicates that the ability 
to differentiate changes in the intensity of sound depends on its frequency. The 
minimum perceptible inc: ease of sound intensity does not remain constant and 
depende primarily on the initial inten. *y of the sound. In order to sense 
differing loudness when two ecunds of different intensity are given, it i3 necessary 
that the increase in so.nd intensity be approximately 102. In other words, the 
ratio of intensity of two sounds must be a certain constant value so that the 
change in loudness can be sensed. 

Weber-Fechner established the mathematical dependence between the intensity 
of sound, its frequency, and the auditory sensation. With a gradual increase of 
intensity (.ts energy), the sensation of its loudness will also increase. It will 
inesease in proportion to the logarithm of the sound intensity: If the level of 
sounds is expressed in sound pressure (N/m ) or intensity (W/m ), the entire area 
of auditory perception of frequencies would be expressed by a vast range of degrees 
of loutiness—as many as 340,000. To cover such a wide range, we use the logarithmic 
acale of loudness, according to which the transition froa one graduation to the 
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next does not cocrespond to a change of intensity of one unit, but a certain number 


of times. If, for example, the energy flux for the first stimulus is 1,, and for 


oO 
the second — I, the sensation of loudness increases accordingly lgI - 1g). 


Each degree of such a logarithmic scale, corresponding to a 10-fold change of 
intensity, is called a bel. In acoustics, a lower unit is used — 0.1 bel, 
ealled a decibel (dB). Then the level of saund intensity in decibels can be 
expressed by the formula: , 


te 101g 2 dB, 


The intensity of the sound (1,) or the pressure (P,) is used for comparison. 
The threshold value of sound pressure is 2 ° 1075 N/m? and the intensity of 
the sound — 10° 7W/m* for a tene with a frequency of 1000 Hz. If sound pressure 
(P) is compared, instead of intensity, then the formula eacsuncs the following formi 


caret sy 


L=201g/- dB. 
Pe 


Increasing the level 1 dB corresponds to increasing the sound pressure 12% or 
the sound intensity 202. 


The eatire intensity range fits into 130-140 units (dB), which makes it 


possible to operate with small amounts. 


Level of loudness. The logarithmic sesle determines only the physical 
characteristice of sound, not the physivlogical. The auditory apparatue is not 
uniformly sensitive to various acoustic frequencies, which has been mentioned 
earlier. For a physiological evaluation, a scale of loudness levels has been 
introduced, composed of the properties of the hearing organ, to judge sounds with 
varying frequency according to loudness, i.e., judging which of them is stronger or 
weaker, The wit determining the level of loudness is the phon. The level of 
loudnese in phons of any noise or sound is determined by a subjective comparison 
of the{r loudness with a 1000Hz sound. Figure 31 presents curves, compiled by 
Robinson and Dadson, approved by the Internaticnal Organization of Standards as 


norms and recommended for use. 
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In examining these curves, we note their convergence at low frequencies and with 
low levels of loudness, but there ie a separation between the numerical values of . 
phons and decibels. For example, a tone with a frequency of 100 Hz with: a sound 
intensity level of 40 dB creates a level of loudness of about 35 phona. In 
proportion to the increesed frequency of sounds, the levels of their intensity and 
loudness converge. At low frequencies, the level of loudness changes more rapidly 
than the level of sound intensity, and changes in intensity of a few decibles can 


change the level of its loudness by 10 phoas. 


It can be concluded from the curves of equal loudness that quantitative differ- 
ences between phons and decibels (i.e., between the level of loudness and intensity 
of sound) are greater, the lower the frequency of sound and the weaker it is. In 
proportion to the increased intensity of the sound, the curves of equal loudness 
gradually equalize, and in the high-frequency region (beginning with 4000 Hz), 
they rise again forming a slight dip at a frequency of 4(00 Hz, 


By using the scale of loudness levels, the: nonuniformity of frequency 
characteristics of hearing in the perception of individual frequencies can be 
quantivatively evaluated. It does not clarify other aspects of the sound function, 
particularly subjective loudness. 


The question of the interconnection between the loudness level of a noise 
or sound and the resultent subjective sensation has been developed by a number of 
researchers (S. N. Rzhevkin, 1936; Fletcher, 1940; 2wicker, 1952, 1956, 1958 and 
others). A& a result of these studies, a scale of loudness levels was compiled, 
based on the physical characteristics and human perception of loudness. The 
authors used the following interrelations: if the level of loudness is increased *wo 
pions, subjectively this is evaluated as doubling the loudness of the sound. If, 
on the other hand, it is reduced, the sensation of loudness is reduced a 
corresponding uumber of times. The loudness of a sound with a frequency of 
1000 H= and a level of loudness of 40 phons is used as the unit of this subjective 
loudness. This unit is called a sone. The ratio between sone and phon units is 
given in the nomogram (Figure 32). The nomogram was recommended by the Inter- 


national Organization of Standards as a norm. 


The auditory function is subject to age change (Figure 33). A change in the 
threshold occurs at the same time at various frequencies ; it is most pronounced in 


the area of high-frequency perception. Besides age, individual traits of the 
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organism are also important, as well ae 
his somatic condition, which has a 
varying effect on the perception of sound 


vibrations. 


A pure tone is perceived whe: the 
acoustic vibrations have a regular (periodic) 


character. This creates the sensation 


of a pure tone. Noise ie a complex of 


sounds of varying frequencies and inten- 
sity. Therefore, we must not assume that 


Figure 31. Curves of equal loudness, the perception of the loudness of a complex 


according to data of Robinson and Dadson. noise is the same as that of pure tones. 


Solid line — age 20 years; dashed line As Xebautch: hat-chown, the traquency 


— 60 years. Horizontally — frequency 
of sound; vertically — level of sound range of auditory perception can be divided 
pressure. 


into 24 “critical frequency bande." 

The sensation vf loudnese in one band is proportional to the mean square value of 
the sound pressure in that frequency band (Table 23). Yu. M. Il'yashchuk (1964) 
indicates that in summarizing loudnese in several bands we muet consider the effect 
of masking, which affecte the seneetion of loudness. UWowever, neither must the 
frequency characteristics of hearing be disregarded. Cremer (1951) advanced the 
hypothesis of a two-stage analysis of sound by the hearing organ. The wideet-band 
analysis ie made by the basilar membrane of the cochlea, and in the central nervous 
systen. Sékesy made interesting studies in this direction. He originally was 
successful in showing, by the above methods, that under the effect of various 
frequencies, a traveling wave develops in the cochlear sectien of the ianer ear, 
and not simple resonance. At the same time, he did not deny that the traveling 


wave very clcsely resembles the resonance figure. 


The resonance theory of hearing, developed by Helmholtz, was the first based 
on data of the anatom'cal structure of the organ of hearing and experimental 
research of processes which occur in the cochlea under the effect of separate 
acoustic frequencies. WYelmholtz felt that the traveling wave reaches a maxinum 
at a certain point of the membrane. Békésy showed experimentally that resonance 199 
of the basilar membrane in response to a pure tone is broad, diffused at the adjacent 


frequencies, and that the maximum point is important for a sensation of pitch. 
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Mechanical phenomena are quickly 
attenuated in the cochlea. This was the 
basis for Bekésy’s theory that the 
cochlea has been adapted to function as 
a frequency analysor. The worke of these 
authors also indicate that vibration of 
300 the basilar membrane and structures 
= 750 connected to it ie the basic process of 

the auditory mechanism, and thac frequency 
perception is signaled to the central 
100 nervous system from the point of 
maximum displacement of the basilar 
membrane. The research of a number of 
40 other authors, conducted on guinea pigs, 


> 30 has shown that the microphone effect can 


he caused by any frequency stimulating 


a ue certain parts of the basilar membrane. 
é g The character and amplitude of developing 
= on vibrations are determined only by the 
m frequency of the effective sound, while 
5 the value of intensity is expressed in the 
ow 4 increase (or decrease) of stimulation 
3 at a sorresponding poine of the basilar 
Pe P membrane and its extent to a wider area, 
which also creates a certain figure. 
bad ‘ With a broadening of the noise spectrum, 
stimulation along the basilar membrane /100 
9 as encompasses an increasing number of its 


critical sections, and the more the loud- 
ness of the perceived noise increases. 


2. Nomogram of ratio of phons 
Fieure:? eis is P As this loudness depends on the width of 


and sones. 
the frequency spectr:m of the noise, it 


must be measured in special units — lauts 
(Zwicke., 1958). . The resulting loudness 
in these unite is determined by the 
integration of the specific loudness along 
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the basilar membrane with consideration 


for masking. 


The perception of the loudness of pulse 
noise differs from that of a stable noise. 
First of all, it does not depend only 

on the maximum or effective sound pressure, 
but on ite form and length. Vibrations 

of the tympanic membrane under the effect 


of pulse noise are attenuated extremely 


quickly (2-3 msec). Therefor2, the timbre 
of pulses, whose duration is less than 
Figure 33. Age changes in the this attenuation time is subjectively 
auditory function. evaluated as identical, irrespective 
of any dependence on frequency of pulse filling or ite duration. This is 
explained by the fact that in this case the tympanic membrane always vibrates at 
the same frequency. Yu. I, Il'yashchuk thinks "that one of the features of the 
time characteristics of hearing is that, for determining by ear the timbre of 


the sound pulse, it must tu no less than severel milliseconds in duration," 


The experimental research of Niese (1963) successfully established the 
dependence wf the loudness of sound pulses on their tracking frequency, on the 
duration of the pulse and the intensity, i.e. factors which characterize the 
subjective sensation of loudness. 


In natural coaditions isoiated sounds are not perceived, but their complex 
combinations. Elementary sound phenomena, of which these combinations are composed, 
can follow one after the other extremely rapidly; therefore, it is important to 
know with what accuracy the human brain reacts to their change in time. The 
human brain ia capable of very delicate differentiation; the reaction to external 
etimulation seems to be instantaneous. But this instantaneousness is only 
‘apparent — hundredths or tenths of seconds elapse from the time of a stimulation 
to the instant man hears the sound. Changes in the differential reaction are 
important not only theoretically, but also practically. Man is surrounded by an 
innumerable variety of stimuli with continuously changing paremeters. The speed 
with which he reacts depe: Je upon the speed and accuracy of their reflection 
to the brain, neurodynavics. The acoustic analysor differentiates a wide range 


ef noise discontinuity (as many as 1000 interruptions per second) and distinguishes 
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TABI 23 
CRITICAL BANDS OF THE AUDITORY PERCEPTION OF FREQUENCIES 


No. OF Average | 
critical | Frequency, Band 


width {band of band, | width'|band 
Hz 
9 1000 | 3 
10 70 4 
| 1370 4 
12 (600 5 
13 1450 7 
“4 2150 8 
15 2500 30 10 
16 2900 450 13 


one frequency from the other. The study of the t{me parameters of the auditory 
system has become very important. 


The minimum discernable time interval between two sound stimuli nae been /101 
established at 0.5-3 msec. This interval is not perceived as a pause between two 
sounds, but it is sensed as a doubling, a nonuniformity, a discreteness of 
auditory perception. Only when there is an interval of 80-i40 msec between the 
sounds is the attenuation period of the sound effect completed, i.e., the first 
sound stops being heard and does not cover the one follcwing (Békésy, Urbantschitech, 
1988; Miller, 1947). After 20-30 msec, nerve signals reflect a decrease of 
intensity (reduced number of nerve pulses). Decay of intensity permits the 
sequence of stimuli to be perceived. 


The data of Scholl (1962) indicate that in tne formation of the audibility 
threshold of pulsed noise, an important role is play.:d by the spectral 
dissociation of the sound into groups of frequencies, but the high selectivity 


of hearing is not constant. Brief sound signals are distinguished, and their 
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audibility threshold is determined by the total energy. If the pulses are 
long, as with noise, because of its spectral dissociation, only the intensity of 
one group cx. frequencies acts. The author made an attempt to determine the tine 
Necessary to dissociate the sound spectrum into groups of frequencies. According. 
to his data, it was 10 msec. This is hardly a basis for assuming that such 
spectral dissociation is completely effected only in the peripheral section of 
the analysor; without doubt, ite central link, which is less well known, is also 
very important. Research must be undertaken in that direction alsc, The effect 
of pronounced and frequent rhythmical sound effects on conductive puthways and 
cortical centers was studied by 1. A. Al‘tman (1961), who found the most pronounced 
changes in their action in central links of the acoustic analysor. He also 

noted that the mechanism of frequent and infrequent rhythmical sound stimuli is 
different. In spite of the great contribution to understanding the mechanism of 
pulsed noise made by Ya. A. Al'tman, nevertheless, the problem of damage to the 


acoustic analysor still remains unresolved. 


The stimulating effect of scunda. The level of lowdnees connect coupletely 
determine the stimulating effect of sound or noise. High frequency sounds have a 
stimulating effect even at low intensities. The sensation of "unpleasantness" 
does not coincide with the sensation of loudness; it develops with increased 
frequency, begining at 700 Hz. Thus, a tone with a frequency of 1000 Hz, with 
a level of 70 phons, seems as unpleasant as a low tone with a frequency of 
200 Hz and a level of 90 phons; a 4000-cycle tone with a level of 50 phons is as 
unpleasant as a low tone with a frequency of 200 Hz at a level of 90 phone. Jue 
Practical conclusion can be drawn that in evaluating the harmful effect of noise, 
and in deve,zoping technical measures to reduce noise, it is first of all 


necessary to direct attention toward combatting high-frequenc, uolse. /102 


The stimulating effect of sounds and noise can appear in various subjective 
sensations such as on unpleasant "feeling of tickling," and “tactile sensation." 
These sensations are connected with excessive stimulation of the acoustic analysor, 
its cverloading. Figure 34 shows sound pressures and frequencies of sound stimuli, 
which cause various sensations. These sensations appear early in the subjects, but 


they complain later. 


Masking of sounds. In physiological acoustics, without doubt, the absorption 
of one sound by another, i.e. masking, is very important if they are perceived by 


102 


Figure 34. Curves of audibility and sensation thresholds. 1 — slight 
pain; 2 — “contacet"; 3 — "tickling"; 4— “uactile sensation of sound"; 


Vertically: left sound pressure as compared to 1 dyne/cm"; right — to 
0.002 dynee/cn, 


the organ of hearing at the same time. The effect of masking was first described 

by Mayer (1876), Wegel and Lane (1924). As a criterion, they used the increase 

of the audibility threshold by a certain number of decibels. The authors experimented 
with various masking tones and levels of loudness (20-100 dB). The closer the 
masking and masked tone were in pitch, the more pronounced the masking effect. 

If this difference is small, pulsations are formed, which favor the perception of /103 
one tone against a background of the other, which decreases the masking effect. 

With sounds of a weak intensity, likeness is formed of the resonance curve with a 
depression at the apex due ic the formation of pulsations which facilitate 

the detection of the masking tone. From their data, it can also be concluded that 

the masking effect of a tone with a frequency of 800 Hz and a loudness level of 

100 dB will cause, for example, the audibility threshold of a 2000 Hz tone to te 
increased by almost 80 dB,:and for 400 Hz — 10 dB. Tones lying below the masking 


sound are always absorbed more weakly than the more strongly masked sounds above. 


Masking is most strongly pronounced in the area of tones close to the masking 
tone. This happens especially when the sound intensity of the masking tone is 
raised. The masking effect of a tone of 3500 Hz with an intensity of 100 dB is 
displayed by the increased audibility threshold of a tone of 3600 Hz to 83 dB, and 
a tone ot 200 Hz to 20 aB. 
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The masking effect of low tones such as, for example,200 and 400 Hz, is very 
great at high levels and extends to the entire frequency range, and in the atea of 
overtones even exceeds the masking in the area of the basic tone. For low fre- 
quencies, there is almost no mas’ 3, S.N. Rzhevkin explains the intensification 
of masking at high tones by the formation of subjective overtones. S.N, Gol‘dburt 
determined the amount and time dimensions of the direct effect of tone I on the 
threshold, loudness, and length of tone II (residual masking) and the reverse 
effect, t.e., the effect of tone II on the threshold, loudness and length of tone I 
(reverse masking). The author was interested in the length of test tone II, which 
changes the threshold of masking. Continuing the work of P. 0. Makarov on 
pre-perception, the author studied the reverse effect of stimulus II on threshold 
1 (reverse masking>.. Before these studies, the observations of Miller (1947) also 
detected reverse tonal masking in the 10 msec interval. I. K. Samoylova (1959) 


found a prolonged (500-600 msec) reverse effect of tone II on threshold of tone I. 


S, N. Gol'dburt also determined simultaneous tcnal masking, using measurements 
of the masking threshold of a tone of varying length. The author selected tyo 
brief tones and studied the discrimination of loudness and sequence, depending on 


the duration of both tones and the interval between them. 


Masking of one sound by ‘another is connected with those processes which occur 
in all links of the acoustic analysor. 


S. N. Gol'dburt gives this definition of masking: “It is primarily a condition 
of more or less strong stimulation, accompanied by "covering" of homogeneous, 
weaker stimuli. Frequencies different from the masking frequencies are "covered" 
because of the excitation caused by the masking tone, 1.e., because of its general 
characteristics with excitation dominar’. at that moment in the acoustic analysor. , 
Therefore, masking is the inability to respond to an additional stimulus because 
the reacting instrument is occupied, i.e., it is a decrease in excitability 


as a result of existing sctivity." 


The masking effect of noise is also greater than that of the sinusoidal sound 
frequencies. For example, the threshold of audibility is increased 50 dB in 
the area of a 4000-cycle masking tone; the masking effect is reduced in both 
directions, Each frequency band with sound energy equally distributed throughout 
the spectrum primarily masks sounds whose frequencies fall in this band. An 


interesting phenomenon is observed — each frequency band of noise with sound 
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energy evenly distributed throughout the spectrum (white noise) masks most 


effectively the sounds whose frequencies fall in thie band. 


The practical iwportance of masking is great, since under noisy conditions 
‘it interferes with speech and sound signal intelligibility and makes it more difficult 
to keep track of machine operation by hearing. 


Intelligibility of speech under noisy conditions. The interfering effect of 
noise can te determined by the intelligibility of speech. Maintaining the latter 
under noisy conditions is very important, both from the aspect of person-to-person 
contact and the danger of industrial work. Finally, weaxening voice intelligibility 
undoubtedly also affec:s the human psyche. Conversational speech is regularly 
perceived in frequencies from 800-2500 Hz; some have a greater range, 250-2500 Hz. 
The good perception of the extreme lower frequencies of this range is due to the 
fact that it is characteristic of vowels composed primarily of low frequencies. To 
perceive whispered speech, it is important to distinguish clearly the consonants, 
wheee formants lie in the nigh-Erequency range. Reduced perception of whispered 
speech is often observed with the preservation of conversational intelligibility. 
Speech intelligibility can be evaluated by the percentage of correctly perceived 
words; 4% specially composed table is used. If 60 or 80 words are distinguished 
out of 100, intelligibility of speech will therefore be 60 or 80%. Another means 
of evaluating intelligibility has been suggested — I. I. Siavin (1964) suggests 
evaluating the intelligibility of multi-figuze numbers, determined by a subject 1.5-2 m 
away, by points: 0 — completely absent, to 5%; 1— very poor, to 302; 2 — poor, 
to 50%; 3 — satisfactory, to 70%; 4 — good, to 85%; 5 — outstanding, 95-100%. A035, 

If frequencies below 1000 I'z are excluded from the speech spectrum of words 
or numbers, the intelligibility is reduced only 8%. Speech intelligibility also 
changes only slightly if frequzncies above 2500 Hz are excluded. 


Fletcher (1940) graphically depicted the interference to word distinction 
created by noise (Figure 35). On the basis of research he assumed white noise. 
We must keep in mind that the normal loudness level of speech lies between 50-60 dB. 
His curves can be used to det2rmine the reduction of speech intelligibility as 
follows, If conversational speech has a loudness of 50 dB, to find the conditions 
atfecting its intelligibility, a line is drawn upward until it intersects the 
broken line running left to right and upwards; it is joined at the point of their 
intersection, which will correspond to white noise of 50 dB. A horizontal line 
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is drawa along the ordinate axis from the intersection line. It will be joined 

at the 0.25 Figure, which corresponds to a one-fourth reduction of i:.telligibility 
of words. In hearing damage often connected with age or deafness resulting from 
noise, these high frequencies elude percepticn earlier than others. In some cases 
normal audibility of conversational speech is retained, but perception of whispered 
speech is disturbed. The intelligibility of speech during noise depends on the 
loudness of the speech and the noise, their ratio and the spectrum of the latter. 
In rooms with a large reverberation time, intelligibility of speech deteriorates. /106 
The research of I. I. Slavin showed that under quiet conditionsspee-h with a level 
less than 20-25 phons is completely obscured. With higher levels, intelligibility 
is satisfactory, if the level of noise does not exceed the level of speech by more 
than 10-15 dB. With larger increases, the intelligibility of speech falls, and 
when the noise level exceeds it by 20-25 dB, it becomes Smrpossible. Noise at 

120 phons or higher completely excludes the possibility of un.lerstanding speech. 


The frequency composition of noise also affects speech intelligibility. We 
know that it is determined by the area of ite frequencies. Noises lyins in the 
frequency range between 800-2500 Hz will absorb speech especially strongly and make 
it less clear. The highest sound energy in the spectrum of the human voice lies 
in the range below 500 Hz (50%), but the intelligibility of speech is determined 
not so much by this range, as that from 800 to 2500 Hz. Therefore, noise which 
contains sounds in this range especially interferes with speech perception. 

If they exceed the threshold of speech masking in this band (a given loudn73s), then 
speech from a distance of 1 m is made unintelligible. 


Perception of sound vibrations by vibration sensitivity receptors. Auditory 
sensations can also develop with vibration stimulation of the range of sound 


frequencies of skin receptors. We encounter indications of this in articles 
published in the Amsterdam yearbook (1700). Later Emrl Rousseau (quoted by Roberts, 
1932), described the percepcion of sounds when a violincello is touched with the 
hands. He then expressed the thought of using vibration sensations in teaching 
deaf persons “to near" with their fingertips. In 1926 Collucci described the 
observation of a certain man, deprived of hearing and sight, who by touching a 
window pane recognized the type of passing cars, reacted to the noise of crowds 
and music, distinguished individual words by lightly touching a vibrating 
telephone diaphragm. The vibration sensation lay in the 16-1500 Hz range, i.e., 

it also included the auditory frequency range. 
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Figure 35. The dependence of word distinction on loudness of speech 
and level of interference (after Fletcher). 


S. M. Dobrogayev (1934) indicated that when perception of sound vibrations 
is lost by the organ of hearing, they can be sensed through the skin by vibration 
sensitivity receptors. Tater M. S. Mogil'nitskiy (1936) proved experimentally the 
connection between vibratlon-tactile sensations and the auditory function, and the 
effect of vibration stimuli on sound trauma. A. I. Bronshteyn (1946) and 
G. V. Gershuni (1965) established the accentuation of vibration sensitivity when 
heariry; or sight is lost or blocked. 


M. A. Shklovakiy (1939) by his numerous studies showed that deaf people not 
only have a lower threshold of vibration sensitivity, but chat vibration "1s 
perceived as a component of the tactile pecception of speech and a component of 


the ut‘ered word, perceived and mediated in communication and thinking-in-worde." 


Litereture data indicate that vitration sensitivity is a senetically ancient 
form of sensitivity. During the loug chain of the evolutionary development of 
organisms from lower to higher, the organ of hearing was formed from the skin, 
This organ perceives sound vibrations and makes it possible, with increasing 
accuracy and perfection, to react to acoustic stimuli, to perceive them and 
evaluate them as signals of a certain character. Erchard (1672) assumed the 
vibration receptors and their conductors were connected with the central nervous 
system. He even suggested usingvibration sensitivity tu diagnose deafness. 


Urbant~ichitsch (1888) and A. G. Nauman (1994) found that vibration sensitivity, 
determined 2n the bones of the skull, lies in the range of speech frequencies. The 
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numerous studies of the thresholds of vibration sensitivity, conducted by Knudsen 
(1923, 1928), Gault (1930-1936), Goodfellow (1936), Ye. Ts. Andreyeva-Galanina, A. 
I. Vozhzhova and others, have shown that the lowest thresholds of vibration sensitivity 


are located in the 250 Hz frequency, and Gilmer (1935, 1937, 1939) found them in 
the 250-1024 Hz range (Table 24). 


TABLE 24, THRESHOLD OF VIBRATION SENSITIVITY ON THE TERMINAL BONE 
OF THE SECOND FINGER OF THE RIGH™ HAND (AMPLITUDE IN CM) * 


Ye. Te. Andre- {A. I. Vozh- 
yeva-—Celanina zhova 
| (1940-1947) (1952) 


frequency, 
_Hz 


60—64 5-104 a 6.1075 
100—128 5-10-4 1,7-10-* 8.to-5 
250—256 3.t0-5 = ca $ 
900—1024 8-10-5 — 


*Comnag represent decimal points. 


Gault trained deaf persons to differentiate between vowels and consonants, 
as well as individual words. Figure 36 shows the discrimination of words in 
connection with training. 


Knudsen established the amplitude threshold of differentiation at 1 y; 
A. I. Vozhzhova — at a frequency of 100 Hz + 3-5 3; and V. Ye. Lyubomudrov — 
+ 6.7 yw. Besides differentiation of intensity, it is als» possible to distingvish 
tonality, Knudson found the ability to determine a change in tone 82 lower or higher /108 
than a 256-cycle tone; Dunlap (1913) —- 5% lower or higher than a 400-600 Hz and a 
126-256 Hz tone; B Gilmer — 2.5% lower or higher than a 400 Hz tone. 


To justify the hypothesis of the "sensation of sounds” by fingertips, Pearsoa 
(1928) aseumed that when the conductors of vibration sensitivity arrive at those 
parts of the brain crossed by conductors of the acoustic analysor, they accompany 
them and arrive at the auditory centers of the cerebral cortex. He gives no proofs 
for this theory. But there is undoubtedly a close cornection between the central 
links of inese analysor systems. 
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Theory of Hearing. There are a 
great many worke which deal with various 


aspects of the function of the acoustic 
analysor. However, many aspects of the 
latter have etill not been completely 
Tesolved, and a theory of hearing, as 
indicated by G. V. Gershuni and Békésy, 
has not yet been completely formulated by 


anyone. Those processes which occur 


beyond the limite of the cochlea have not 
been completely revealed. G. V. Gerehunt 
Pigure 36, Distinction of words indicates that there is only a theory 

in connection with training (after of the discrimination of the frequency of 


t). 
pase — 250 hours of training; a stationary sound, a theory, valid for 
3 — 60 hours of training. the function of the peripheral link of the 
Horizontally — number of tests, 3 ss a at 
vertically — cossect answers. auditory inserusent — ihe cochiea. 


Sound vibrations reach the cochlea as purely mechanical phenomena and are 
perceived by receptors of the tasilar m-.mbrane, which 1e of varying thicknese 
along its length and is provided with a varying nuwber of receptors. 


In 1877, Helmholtz suggested the au-called "resonance" thewry of hearing. Later 
Békésy and others completed ic. Helmholtz felt chat resonance develops in 
individual sections of the besilar membrane, caused by its varying width and tension, 
beginning from the base of the cochlea to the apex. The resonance theory of hear~ 
ing or,as it is stili called, the "spatial" theory, cannot explain che entire 
auditory function of synthesis ana analysis of frequency sounds. 


One theory of hearing is based on the “physiological lability" theory of 
N. Ye. Vvedenskiy — A. A. Ukhtomskiy and the "parauecrosis" theory of D. N. Nasonov. 


According to A. A. Ukhtomskiy, under the <ffect of stimulation, an excitation 
process develops in the tissues which has a cyclic character. In a certain 
length of time and after the start of stimulation, excitation begins in the cell, 
reaches a maximum, and then falle to zero. There is 2 alight refractory period 
when the cell renaine wmexcited. It is known that vach tissue has its ow rate of 


return to ita original state, i.e., @ relative rate of completing the excitation 


. 109 iat 


cycle — physiological lability. 


The theory of A. A. Ukhtomskiy about physiological lability can explain the 


uneven sensitivity of the organ of hearing to sounds of various frequencies. 


P. FP. Lazarev constructed his own theory of hearing, which is similar to 
that of Helmholtz. He suggested that there is a sound- sensitive substance whose 
decay products stimulate endings of the auditory nerve. His explanation for the 
higher sensitivity of hearing in the area of high frequencies was that they 
could more easily disintegrate the sound - sensitive substance. P. P. Lazarev 
wae also the first to successfully deduce a law governing change of ear sensitivity 
under the effect of adaptation to sound in silence, of which more will be said in 
the section on adaptation. He advanced the important theory that, along with the 
disintegration reaction, there is a simultaneous recovery process, whose rate 
is proportional to the concentration of decay products. His law indicates that the 
force of the effect on the auditory nerve is proportional to the intensity of the 


sound. 


According to his theory, under the effect of intense sounds, the sound- 
sensitive substance is gradually exhausted; in accordance with this, sensitivity 
also falls according to the law: 


Ereat bt 
where a, b and r are certain constants. 


The theory of P. P. Lazarev with respect to the recovery of sensitivity after 
termination of the effect of sounds and its diminution during the prolonged effect 
of sounds was verified in the works of P. N. Belikov (i525-1928) and A. S. Akhmatov 
(1925). Opinions on the rate of sensitivity recovery disagree. A. akhmatov found 
it to be less than 10 seconds, P. Belikov and Bekesy — lasting tens of seconds, 

A. A. Voloxhov (1935) and G. V. Gershuni (1935) — a maximum in 15 seconds, 


recovery having a phase character. 


The theory of Helmholtz and P. P. Lazarev is considered a theory of the 
peripheral analysor. Therefore, it cannot explain the mechanism of perceiving a 
number of gradations of sound intensity or several other aspects of the auditory 
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Figure 37. Diagram of projections of perceived frequencies on the 
receptor surface on the cochlea (after G. I. Ratnikova). 


function. 


Later, the work of Fletcher (1940) appeared, in which he explained the perception 
of a wide range of frequencies by the basilar membrane. Ye advanced an opinion 
about the effect on resonance of the wass of fluid vibrating at the same time with 
the resonating fiber. Acco<ding to the hypothests of Fletcher, the resonance 
properties must be transferred to the entire mechanical system of the cochlea. 
According to hie concept, sounde cause vibrations of the membrane along ite entire 
length, with elight maxima at certain sections, depending on the frequency of the 


tone. 


Further studies of the hearing mechanism were directed toward processes occurring 
outeide the cochlea, to a study of the mvemnt of fibers of the auditory nerve from 
the receptors, located in ite various sections, to the cochlear nuclei. It has 
been established that they are arranged in these nuclei in a certain order which 
maintains the spatial projection of the expended cochlea. Fibers from the apex of 
the cochlea are located in the lower sections, and those from the base of the 
cochlea,in the upper sections of the nuclei (Figure 37). The fibers of the 


auditory nerve, entering the cochlear nucleus, provide ascending and descending 
branches distributed in three sections of the cochlear complex —— anterior ventral, 
posterior ventral and dorsal nuclei. The projection of the cochlea in the cochlear 
nuclei acq .res another axis besides the frequency axis and is converted into two- 
or three-dimensional space, This structure, according to a number of authors, 


provides time apportionment because of the sequence of activated synaptic allotments. 


We shall discuss one more work which considers the regulation of the flow of 
nerve pulses in the auditory system (Ya. A. Al‘tman). It indicates that sense 
Organs are a complex self-regulating system with the ability to adapt their 
characteristics to current activity of the whole organism. Clarification of this 
complex mechanism of self-regulation is a most important task, particularly as 
applied to the organ of hearing. In studying cochlear zones, the geniculate body 
and the auditory zone of the cortex, Ya. A. Al'tman established that the 


amplitude of responses does not remain the same in all zones. 


The firet nerve component of the cochlear response is the result of combining 
action potentials which develop simultaneously in a great number of nerve fibers 
cf the auditory nerve (Goldstein, Kianga, 3rown, 1959). The discharge from two 
different zones seems the same as the result of summarizing the activity of many 
elements. As G. V. Gershuni shows, not nerve pulses, but the electric potenttals 


developing more slowly in the nerve celle are summarized. 


Ya. A. Al’tman used a sound stimulus with an intensity of 60 to 80 dB above 
the threshold of audibility; individual clicks followed one after the other every 
10 msec. Reduction was noted in the amplitude of the primary response of the 
cortex, the inner geniulate body, and the first nerve component of the cochlea. 
The amplitude of all 3 zones is changed because each successive stimulus has an 
effect when the nerve elements do not succeed in recovering their function after 
the effect of the preceding (10 msec pause) and a small part of the nerve elements 


will not react to the effect of a stimulus. 


When the time interval between stimuli fe increased to several tens of 
milliseconds, the flow of nerve pulses increases rather than decreases, because 
new active elements are actuated. This phenomenon is treated as the sensitizing of 
hearing. Interesting research, conducted in the latoratory of G. V. Gershuni and 
several foreign authors, led them te conclude that, despite the indisputably 
important data which they obtained, "There is yet no possibility of creating a 
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general theory of hearing, i.e., a theory of the mechanism of perception and 

untilization of sounds in all their ranges by the entire organism." We shall 

present the basic theories formulated by G. V. Gershuni. This material, which is 
available now to physiologists in the field of physiologial acoustics, gave 

G. V. Gershuni tne right to conclude"that two mechanisms can be distinguished in /112 
the auditory system as a whole which differ in many respects — namely, the macchanisn 

of the auditory system in regimes with low and high time constants." If this theory 

is taken as valid for all sections of the organ of hearing, then, beginning with 


the cochlea, the «xtetenc? of elewence may be inferzed "which are primarily 


connected with one of these mechanisms." 


The basilar membrane has the ability to analyze frequencies with a low time 
constant, while in the structure cf the organ of Corti the time constant can be 
differentiated (“evidentiy" — G. V. Gershuni) on the basis of various properties, 
including mechanical. The basis for this conclusion is in the studies which show 
that, unlike outer hair celle, the inner hair cells are mechanically adarted to 


transmit rapidly changing processes. 


Properties of the mechanism with a low time constart can be discovered in 
all sections of the auditory system, beginning, evidencly, with the cochlea and 
ending with the auditory region of the cortex. Signals which arrive in the 
peripheral section are transmitted in a brief length of time to the corresponding 
secticns of the cerebral cortex. As regards the mechanism with a izrge time constant 
as G. V. Gershuni indicatee, it is connected with cortical sections which are 


lese clear. 


The mechanism with a low time constant is coneidered as differentiating the 
6pectral properties of acoustic signals in a very short period of time. 
G. V. Gershuni suggests that this mechanism is not necessarily ccnnected with 
perception of the chromatic pitch of sound. The mechanism with a high time 
constant must provide a more delicate differentiation of spectral properties. 
G. V. Gershuni feels it ise inseparably connected with the perception of chromatic 


pitch and musical perception in general. 


Ya. A. Vinnikov and L. K, Titova (1961) indicate that, undoubtedly, it is 
important to know exactly where and how mechanical resonating movements occur, as 
they are a triggering mechanism for a number of physical and chemical processes 


which accompany stimulation af receptor structures and the transmissions of an 


‘mpulee to the higher links of the acoustic analysor. Of great interest is that 

aspect are the vorks of the school of Ya. A. Vinnikov, in which the biochemical 

processes of metabolism are being studied, especially the enzyme processes which 

accompany electric potentials and are the basis of excitation procerses, 

Analyzing their own research and literature data, the authors conclude that the 

time has come to transfer the emphasis of any theory of hearing to the level of 

the celluar and molecular organization of the hair cells of the organ of Corti, /113 


They are responsible for the perception of sound in the cochlea and its transmisslon 
to the central nervous system. Only by these otudies will it finally be possible 

to observe the processes in the central part of the acoustic analysor and to 
understand the nature of the auditory sensation. Subsequently Ya. A. Vinnikov 


proposed the cytochemical theory of heuring. 


Cytochemical theory of hearing. The essence of the cytochemical theory of hearing 
is the following (Ya. A. Vinnikov and L. K. Titova). Sonic effects, accompanied by 
vibrations of structures of the inner ear and the cochlear canal, are reduced to 
corresponding conversions of mechanical energy to tne chemical and quantum ejection 
Of acetylcholine. This causes characteristic dynamic changes in the hair cells 
of the cochlea (of one of its coils), which are expretsed by the rounding off of 
the cytoplasmatic nucleus, changes in t.he charavier of precipitation and sorption 
of vital stain, etc. Complex alteration processer develop which are connected 
with the denaturation of the protein component of protoplasm. The authors feel 
this is only one aspect of the matter. The other, they point our, ia that 
simultaneously with this process certain strictly spatially localized, biochemical 
processes develop in the excited hair cells of the organ of Corti, corresponding 
to thetr structire, Metabolic energy processes, which can be broken dow into 
individual links, and which proceed in strict chain order, underlie in time both 
sound perception and excitation as well as the transmission of a pulse by the 
hair cells, The authors call the hair cells chemically-~sensitive energy antennae 
which are depolarized v der the effect of "cutting" and “moving™ waves, by 
acetylcholine contained in endolynph. The energy of depolarization activates a 
chain of exchange processes in the protoplasm of the receptor cell, primarily 
anaerobic metabolism. The energy of the latter, as the authors suggest, plays a 
determining rclc during the ex-itation of hair cells. This is also indicated by 
euch bioelectric phenomena as the presence of an anaerobic component in the 
microphone effect and the absence of a pronounced dependence of carbohydrate 
exchange in the organ of Cocti on the total sugar level of the organism. There 


ie concurrent aerobic exchunge, rich in the proportion of energy. The energy of 
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macroergs is used to realize and maintain excitation of hair celis in the organ 
of Corti. Of great interest is the observation of the phosphatase distribution 
along a reciproca! gradient, corresponding to the physiological gradient of 
perception of low and high frequencies by the hair cells along the spirals of the 


cochlea. 


Histochemical research indicates that with a brief sound effect the synthesis 
of protein increases in the organ of Corti, which coincides with the state of its 
excitation, and with a long effect, it decreases, Ya. A. Vinnikov connected this 
reduced synthesis of protein with increased activity of proteolytic enzymes, the 
dominance of proteolysis over protein synthesis, and the elution of disintegration 


products from the cells. Acetylcholine is ejected from the body of hair cells in 
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the area of synapses of the spiral ganglion, richly supplied with acetylcholinesterase. 


The work of the hair cells ig under the influence of autonomic central nucle‘ with 
the help of the olivocochiear bundle of Rasmussen, affecting the cells through the 


cholinoergic mechanisn. 


The specifies of excitation of the hair cells of the Corti organ arc due to 
the characteristics of their morpho-physiological organization at cellular and 
molecular levels. Different activity — for example, of certain enzymes — develops 
especially markedly between hair cells which perceive low frequencies (upper spirals 
of the cochlea) and high frequencies (lower spirals). Ya. A. Vinnikov and L. K. 
Titova ignore the fact that in the evolutionary development of the Corti organ 
for the excitation of hair cells a universal "denatured" tissue reaction to 
sound developed and that the sorption of vital stain is the same during sonic 
effects for the Corti organ and for other tissues. The latter has been clarified 
in the classic works of D. N. Nasonov and his associates (1940, 1947, 1950, 1959). 


Lastly, which the authuss fgnore, — this cytochemical theory of hearing does 
not yet reveal those obscure aspects of auditory perception, especially in the 
central links, which must be clarified to create a complete theory of hearing. 

At the same time, this theory illuminates not only those deep processes which occur 
in the peripheral section of the acous,ic analysor, but, it seems to vs, it also 
validates the electrophysiological data widely shcwn by the works of CG. V. Gershuni 
and hie associates, as well as by S. N. Gol'dburt. The cytochemical theory will 


undoubtedly receive general acknowledgement. 


Adaptation. The effect of sounds, as has already been pointed out, leads to a 
nunber of processes, primarily in the peripheral link of the acoustic analysor. 
On-going processes can be detected by electrophysiological means, as well as by 
the study of biochemical processes, particularly in the hair cells of the Corti: 
organ. We indicated above the data of Ya. A. Vinnikov anid L. K. Totova, which fils. 
are of direct concern t» thia section — namely, that increased synthesis of 
protein occurs with a brief effect of sound, and a reduction with a prolonged 


effect, In the first instance, the excitation process occurs. 


With the effect of sounds, processes develop relatively slowly in the 
auditory organ and after some time cause a change in the sensitivity of hearing. 
Termination of the sound stimulus is accompanied by restoration of sensitivity. 
It is customary to determine change in sensitivity by the increased level of the 
audibility threshold. The physiological accommodation of the organ of hearing to 


an effective sound stimilus is called adaptation. 


A. A. Ikhtomekiy considered adapiaition of hearing as a regulation of excitation. 
Adaptation occurs not only to sound, but also to silence. In the latter case, 
sensitivity is increased, the ear perceives a sound much louder than after its 
effect, when it seems weaker. But adaptation also plays a protective role against 
intense and prolonged sounds (V. N. Boyachek, 1927, 1935; G. V. Gershuni and 
A. A. Volokhov, 1935; Békésy, 1957). Sensitivity is restored quickly. If adaptation 
develops in 80 seconds, the reverse process takes 10-15 seconds. A. A. Volokhov 
and G. V. Gershuni estabiished the phase character of excitability restoration 
after the effect of a sound with a freqiency of 1000 Hz and a loudness level of 
about 70 dB. 


The research of A. I. Bronshteyn, G. V. Gershuni and V. V. Bolkov, A. A. Knyazev 
(1946) and others showed that adaptation develops not only on the periphery, 
but also in the centra] links of the acoustic analysor. At the same time, on the 
basis of his research, L. Ye. Komendantov concludes that adaptation of heaving is 
regulated by nerve nodes located along the route of the auditory nerve and the 
thalamic area, and is effected by efferent (Timofeyev) fibers, leading from sub- 


cortical nodes to the Corti organ. 


At the beginning of this section, we referred to new data, obtained by 
Ya. A. Vinnikov and his assoclates, providing a new approach to the mechanism of 
adaptetion and fatigue. In the light of this research, the fon theory of excitation, 
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developed by P. P. Lazarey (1916) derzrves to be noted. He was the first to 

derive a law governing the change of ear sensitivity under the iniluence of 
adaptation to sound and to silence. He suggested that chemical processes occur in 
the cells of the Corti organ with stimlation of the cochlear nerve: subsequently, 
there is the reaction (reverse) of their restoration. With strong sounds the sub- 
stance is gradually exhausted and sensitivity decreases. This, in his opinion, was 
adaptation. 


Adaptation, as well as the restoration of sensitivity, occurs differently 
in different people, and it has individual variations. This is indicated by the 
observations of Gc. I. Grinberg, showing that changes in auditory sensitivity can 
be different even under sonic conditions of the same frequency, intensity, and 
duration. The authors explain this as follows. If hearing acuteness denotes the 
intensity of the excitory process in the acoustic analysor, the change of auditory 
sensitivity under the influence of sounds can serve as the intensity index of 
inhibitory processes, and the time it takes to restore the thresholds characrorizes 


the mobility of both processes, 


Although individual sensitivity can greatly mask the frequency and intensity of 
the sound stimulus, they nevertheless play a role, as does the length of the 
stimulus, in changing euditory sensitivity. The existence of this dependence is 
also indicated by the research of V. G. Yermolayev (1937). He established exper- 
imentally that, if on stopping sound for 2-3 minutes, the subject recovered his 
original hearing sensitivity, and subjective sensations disappeared (successive 
images), then adaptation has occurred; if restoration took more than 3 minutes, 


fatigue took place. 


A. A. Knyazeva noted that high sounds cause a reduction in auditory sensitivity 
in a wide frequency range; the greatest changes can be in higher frequency ranges 
than tones of fatigue, which does not agree with the data of Békésy, who observed 
maximum changes in adaptation to the perception of a tone of fatigue. 


G. V. Gershuni and A. A. Volokhov point out preservation of the auditory 
senss' lon after termination of the sound stimulus as one of the signs of the adap 
tation process. Toward the end of the second minute, and especially the third, 


sensation becomes diffuse, it loses its tonality, which indicates a transitory 


state betweeen adaptation and auditory fatigue. 
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The connection between hearing sensitivity and the parameters of the sound or 
noise stimulus is clearly shown in the research of B. Ye. Sheyvekhman. With the 
etfect of low-frequency sound, changes occur in the perception of low as well as high 
frequencies, When they are at a level of 70 and 90 dB, the audibility threshold 
changes by 4-7 dB, and at 100-120 dB shifts in the audibility threshold increase by 
12-15 dB. 


A sound stimulus with maximum energy in frequencies of 1800-2000 Hz with a total 
intensity of 70-90 dB in only one minute reduces the sensitivity of hearing at 
various frequencies by 10-11 dB. After the effect of a stimulus, for example, /117 
whose maximum intensity fell at the 3500-4000 Hz frequency, the thresholds of 
sensitivity to a 4500-cycle tone increased by this number of dB. 


In characterizing the state of adaptation and fatigue, it is not only the reduced 
perception in the high-frequency range that is important. If the high-frequency 
spectrum o1 a sound stimulus causes primarily a reduction in the perception of 
high frequencies, a middie-trequency sound stimulus causes a change in the 
auditory function not only in the high-frequency range, but also in the lower 


range (including speech) namely, 500, 1000, 2000 Hz (S. V. Alekseyev, 1965). 


The predominant reduction of perception of 4000-cycle frequency (C 4096) 
Fowler (1948) was explained as the tension which is experienced by the part of the 
basilar membrane perceiving this freque.cy. He felt thatthis corresponds to the 
juncture of a perilymph eddy. There is another interpretation of this 
phenomenon — the delicacy of that part of the cochlea which perceives high 
frequencies. However, in the light of current data, these hypotheses are hardly 
completely valid. Not only the frequency and intensity of the stimulus determine 
the reactionof the acoustic analysor, but the character of the sound stimulus 


is also important (stability, discontinuity, complexity of the spectrum). 


Of particular interest is adaptation to the effect of a complex sound stimulus, 
whose spectral density is the same throughout the entire frequency range. Ruedi 
(2952-1959) and A. A. Arkad'yevskiy (1962), studying the effect of such a noise 
<"white") for 30 minutes and an hour, found a significant reduction in auditory 
sensitivity in the 4000-6000 Hz range. 3S. V. Alekseyev and G. A. Suvorov, studying 
the effect of the same kind of noise with an intensity of 70, 80 and 90 dB, 
established the same regularities which were noted by the preceding authors — 
greatest reduction in the threshold of auditory sensitivity at frequencies of 


4000-6000 Hz. The lengthened time of restoring the auditory functicn with 1-hour 
exposure commande attention, White noise of the same intensity (90 dB), but with 

a 15-minute action, causes a shift in the threshold at these frequencies by 

6-8 dB, and the recovery function takes 8-10 minutes. White noise with an intensity 
of 70 dB and the same spectral composition (30-1200 Hz) with the effect lasting 

less than 2 hours, causes not only reduction of sensitivity, but rapid functional 
recovery. Stabilization of the auditory function, connected with an effective 

time of 1 hour or more, is due to stable adaptation, which was also indicated in the 
data of A. A. Arkad"vevekiy (1962 a,b). 


With specially arranged research S. V. Alekseyev studied the effect of mediun- 
frequency noise with maximum sound energy in frequencies of 300, 500 and 700 Hz, /118 
intensity of 70-80-SO dB, on the functional state of the acoustic analysor. It 
was shown that, regardless of which of these frequencies contained the maximum 
energy, reduction of the audibility threshold did not exceed 5-10 dB if the 
intensity of the stimulus was low (76 4B). When this was increased tc &U dB, with 
maximim energy at 700 Hz, the threshold of hearing sensitivity was reduced by 
2 dB in the 1000-6000 Hz range. Noise with an intensity of 90 dB causes still 
greater changes in hearing sensitivity, in comparison with stim *i with maximum 
energy at 300, 500, and 700 Hz. In perceiving frequencies of 40u0-6000 Hz, the 
threshold is increased by 20-25-28 dB, respectively. Restoration of sensitivity 
occurs 10-15 minutes after the effect of a sound etimulus with an intensity of 
80 dB, and 25-30 minutes after a stimulus at 90 dB. Thus, these studies successfully 
showed that medium-frequency noise in the regione of their extreme frequencies, 
close to high-frequency noise, has a significant effect on the auditory function. 
There ise a basis for suggesting that temporary shifts in the threshold of 
audibility, resulting from the effect of a sound stimulus, often bordering on the 
high-frequency range, cause pronounced adaptation of the ear; sensitivity 
is restored (similar to that observed with white noise) in a rather long period 
of time.. 


Under the effect of octave band noise (300-600, 600-1200, 400-1400) with an 
intensity of 80 and 90 dB, with an hour's exposure, S. V. Alekseyev discovered 
the greatest reduction in the threshold of auditory sensitivity in the 1200-3600 Hz 
range, regardless cf the octave band, with an intensity at 90 dB. With an octave 
band 300-600 Hz wide and an intensity of 80 dB, shifts were small, but at 90 dB the 
game kind of reaction of the auditory analysor emerged at this frequency band, 
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Figure 38, Change in the thres- Figure 39. Change in auditory 
holds of auditory sensitivity after sensitivity after the effect of noise 
noise (after S. V. Alekseyev). (after G. A. Suvorov). 
Octave bande: 1 — 300-600 Hz; 1 — stable notee; 2 — pulsed, pulse 
2 — 600-1200 Hz; 3 — 1260-2400 Hz. recurrence frequency 30 per minute; 
Level of Intensity: II —~ 80 dB; 3 — same, 200 per minute; 4 — same, 
III — 90 dB. -1600 impulses per minute. 


but less intensely, than at other octave bande (Figure 38). 


Pulse noise is of special interest. Depending on the length and frequency 
of discontinuous noise, Yard (1962) determined the thresholds of audibility. 
Glorig, Mixon and Ward (1961) ever advanced formulae for the increase and decrease /119 
of the temporary shift of thresholds, depending on the discontinuity of the 
noise, L. A. Chistovich (1958) feels that discrimination of discontinuity is 
determined by the mechanism located at the comparatively low level of the 


audltory pathway. 


G. A. Suvorov studied the effect of pulee noise with a recurrence freqvency 
of 30, 200, 1000 per minute on the organ of hearing (Figure 39}. The threshold 
of audibility wae most changed at a frequency of 3000 Hz. Thresholds were reduced 
at high frequencies by 30-35 dB, with an pulse recurrence frequency of 300 and 1000 
per minute. White noise and noise with an interruption frequency of 200 per 
minute caused a change in the threshold by 15-16 dB at 5000 Hz. The threshold 
of auditory sensitivity was recovered slowly with complete recovery in 15-30 minutes. 
Speech intelligibility was reduced; hearing loss for epeech was 15 dB at a frequency 
of 30. pulses per minute, and 10 dB at 1000 per minute. In comparison with the 
curves of stable nofiee, they are significantly displaced and only at a repetition fre- 
quency of 500 per minute do they almost coincide. 
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Apostolov (1968) suggests that adaptation is primarily peripheral, as 
auditory fatigue indicates a more central effect. The author advances an interest- 
ing concept in relation to sensitization of the organ of hearing. He feels that 
it should be considered together with adaptation. If the first characterizes the 
excitation process in the brain, the second characterizes the inhibitory process, 
and the second is preceded by the first. Developing stimulation is the reason 
for increased processes in the peripheral section of the analysor, leading to 


accentuation of the auditory function. 


The author suggests that the state of adaptation after the 3-minute action of 
noise with a frequency of 6000 Hz shculd be determined when workers entering industry 
are examined. To clessify the adaptation condition of workers, he suggests the 
following indices: I — 5-10 dB change in the threshold; II — 10-20 dB change in /120 


the threshold; III — 20-30 dB change in the threshold. 


he @utici, ihe inosi cesistant are those who belong to group iil, 


and the least resistant are those in group I. 


The author considers fatigue to begin when the threshold changes to 65 dB. 
Restoration of the auditory threshold is no longer than 10 minutes with adaptation, 
but in the case of fatigue — it is considerably longer, sometimes even several 


days. We feel that in adaptation, restoration should begin in 2-3 minutes. 


There is, of course, a close connection between auditory adaptation, resistance 
to noise ani the development of fatigue. The more pronounced is auditory adaptation, 
the greater the resistance of the hearing organ, and the later deafness appears 
and develops. At the same time, the effect of sound or noise and other stimuli 


int-oduces shifts in the auditory function. 


G. V. Gershuni et. ai. conducted interesting etudies on the change in auditory 
sensitivity with the simultaneous effect of a sound stimulus and the activity of 


the visual analysor and the neurv-auscular apparatus. 


The authors produced data indicating that changes in the state of higher 
sections of the central nervous system sharply alter adaptation, and that 
adaptation changes are connected with processes in all links of the analysor. 


These facts showed that at a frequency of 2700 Hz a fatiguing sound causes 


a 9-14 dB reduction in sensitivity in the majority of tests in all subjecte. During 
work, the same fatiguing sound causes a reduction of sensitivity from 0 to 5 dB. 

At a sound frequency of 1000 Hz, the fatiguing sound withcut work either causes 

no change in the threshold or increases sensitivity (+2 dB). During work, the eame 
sound causes a reduction in sensitivity of 4-5 dB in the majority. At the same 
frequency of the stimulus, in both cases the degree of reduced sensitivity in the 
eame (maximum on the order of 6-8 dB). 


The results obtained by G. V. Gershuni in the second group of tests showed that 
supplying a stimulating sound binaurally causes changes in the adaptation curve, 
which have common characteristics with those observed in the first group of 
tests when the fatiguing sound was supplied during work. These binaural changes are 
expressed in the sharp reduction of loss of sensitivity at a higher frequency than 
that of the stimulating sound; at a lower frequency, in both groups of tests, changes 
are not equivalent, 


G. V. Gecehuni suggests taking a change in the level of the threshold of 
audibility of 10-15 dB and restoration time of 2-3 minutes as adaptation. /121 


If the thresinold is changed by a larger number of decibels, there is a certain 
basis for indicating fatigue. When the question of adaptation and fatigue of 
hearing is discussed, we must take into consideration the age changes in the 
threshold of audibility. During the entire lifetin>, they remain constant at the 
lower frequencies; thresholds in the high-frequency range are markedly and quite 
rapidly lowered (Figure 40.). In this graph, the audiogram of a man 20 years old 
is used as a comparison. 


It is found that, in testing hearing for an hour, the threshold of audibility 
of a young wan may have no marked tendency toward increase or decrease, but in a 
period of 30 seconde can change as much as 5 dB (Békésy). The threshold can also 
change in 5 seconde. 


The absolure threshold also depends on how iong the observer iistens. Data on 
this question have already been presented. Roenblith (1957) and Miller (1947) 
found that, in prolonged listening, the threshold can change up to 20 dB for a 
4000-cycle tone. 


122. 2 


We must also take into consideration 


the difference of the age reaction of the 


We ee events old ofganisz to che sound stimulus. In 
” mE examining adolescents, increased seneitivity 
> ‘a was found; the most changed is the 
ry) threshold at high frequencies (6000-8000 
. Hz). Adolescents working in industry 
0 


bi ts react to noise diffe.ently than adults. 
Ft 32 2S 259 569 1639 2360 “6698050 Hz 
V. M. Levin and his associates (1968) 


examining adolescent ship workcrs, discover~ 
Figure 40. Loss of auditory sen- 


sitivity in connection with age ed neuritis of the auditory nerve in 4.12% 


of the cases. The authors suggest that 
the presence of this disease in adolescents, who had reported to work healthy, 
is a result of intense industrial noise and indicates their increased sensitivity 


to it. 


2. F. Nestrugina (1964) established that reduced hearing of whispered speech 
ie often encountered among those who began working in noisy conditions at the 
age of 16-20 years. This author also infers the great susceptibility of the hearing 
organ of adolescents to noise trauma. 


I. P. Popov (1967) examined adolesce-t studente (14-17 years) working at milling 1122 
machines and lathes which create noise w..ch a frequency of 60-1560 Hz, with maximum 
energy in the milling section at 1600-2560 Hz and 160-2560 in the lathe section. 

The general level reached 91-95 dB in the first and 86-&8 dB in the second. The 
author found the greatest changes in the 14-15 year old students and wore pronounced 
changes in those working at the miliing machines. In the adolescent milling 
machine operators, the threshold of auditory sensitivity was increased by 20-25 dB 
in 1 1/2 hours of working in the noisy environment, and in the adolescent lathe 
operators — 17-20 dB at high frequencies (2090-6000 Hz); at lower frequencies 
(500-1000 Hz) the threshold changed only by 5-7 dB; in individual cases 10-12 dB. 
The restoration time of the threshold was different in individual cases: in 14 
year old adolescente after 2-3 hours, and in the older students — in 1-1.6 hours. 
These data indicate that youth are more sensitive to the effect of noise. However, 
not everyone agrees with this. It is thought that the more significant shift in 
thresholds of auditory sensitivity does not yet signal more rapid development of 


deafness, and that it rust be considered as a temporary phenomenon. The question 
of the relative change in the function of hearing with age ie clearly illustrated 
in the literature. Beginning at age 30, the threshold of audibility increases, 
and by 50 years of age it is very marked. Subjecting adolescents (17-18 years old) 
to the effect of high-frequency noise (10,000 Hz) with a sound vressure level of 
80 dB, we discovered a greater change in the threshold of audibility during an 
hour's exposure than {n adults. L. Ya. Burlova found significant changes in the 
threshold of auditory sensitivity 1-1.5 hours after the beginning of class in 
adolescent girls in a weaving factory-school. 


These date imply that the beginning age of workers in industries with high- 
frequency noise with an intensity of 80 dB or more must be restricted. The importance 
of the age factor is best seen in experiments without any other attendant factors. 

The research, conducted by Ye. Ts. Andreyeva-Galanina with a sound stimulus of 10,000 
Hz and intensity of 80 dB during an hour's exposure with 17-18 year old adoleccents 
and with a group of 25-27 year olds, showed that in tne first group the threshold 
of auditory sensitivity increased 30 dB at frequencies of 3006 Hz, and 35dB, 
respectively, at these frequencies. Therefore, it is completely clear, as is seen 


from these examples, that great shifte are noted in adolescents. 


The effect of indus!.rial noise on the organism of adolescents was studied by 
Ye. A. Gel'tishcheva and I, I. Ponomarenko (1968). Adolescents in industrial 
conditions were subjected to noise in the 500-6000 Hz frequency range, with an 
intensity of 100 dB, as well as to noise of 500-4000 Hz (85 dB) and 315-4000 Hz £323 
(75 dB). The authors found changes not only in the auditory analysor, but in the 
cardio-vascular system, a reduction of maximum and increase of minimum arterial 


preseure. 


The vascular tone index decreased, the diastole time of the cardiac cycle, and 


the time of reflector motor reactions increased. 


The functional shifts discovered by the authors in the adolescents are due to 
their increased reactivity in comparison with adults. 


Fatigue. Prolonged sounds or noise of various frequencies and intensities 
cause adaptation to develop in the organ of hearing, and then fatigue. Both 
conditiona are characterized by reduced auditory sensitivity, i.e., an increase 
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of ite threshold. 


Fatigue of the auditory analysor does not occur immediately. It is always 
preceded by adaptation, allowing a certain period of time to cope with the un- 
pleasant effect of the factor. Symptoms of fatigue are not persistent in the first 
period; only later does the possibility of pathology develop. To discuss fatigu2, 
we must also consider the pre-pathological condition, caused by overstraining the 


inhibitory process in the central nervous systen. 


The fatiguing effect of noise depends not only on its loudness, but zn the pitch 
of the tone a8 well. Between 64-7000 Hz, the relation is direct, i.e. the higher 
the sound, fhe greater its fatiguing effect. Sounds in the 64-1024 Hz range with 
ea loudness level less than 80 dB, according to the data of several authors, do 
not cause auditory fatigue if the organ is disease-free. Puruient otitis and 
otosclerosis predispose a more rapid development of hearing fatisue. 

The fatiging effect of sounds appears markedly at a frequency of 2048-4V00 Hz 
and a loudness level of 80 dB, 5000-6000 Hz with a level of 60 dB, and 7000 Hz at 
40 dB. 


By fatigue, Adrian (1932) meant a weakening of the auditory function caused 
by prior work of the organ of hearing, while adaptation is considered as a 
reduction of excitability. A. A. Ukhtomskiy feels that fatigue has a biochemical 
basis, that it is accompanied by a disturbance of phosphorus and carbohydrate 
metabolism, and changes in the structure of cellular protoplasm, i.e. the processes 


go biilliantly studied und presented by Ya. A. Vinnikov and his associates. 


Patigue of the organ of hearing, as indicated by G. V. Gershuni, cam also 
be coneidered as depression, -aused by a flow of pulses along centripetal linke 
and @ depression of respor ses — as e case of inhibition of impulses, caused by 


centrifugal links. Of course, criteria must be established for adaptation as well /124 
ae for fatigue of the auditory analyaor, 


An indication: of the <«ifference tetveen adaptation and fatigue, besides the 
dissimilar increase in toe threshold of audibility, is the curve of restoration of 
auditory sensitivity (V. G. Yerlolayev, 1941). In fatigue, the curve has a phase 


character, the cu7~ of the threshold is uneven, with pronounced descents 


and ascents, i.e. sensitivity first incerases than decreases, sometimes the 
threshold curve remains at the same level. The second difference between 
adaptation and fatigue of hearing ia the time it takes to restore its function. As 
was indicated earlier, V. G. Yermolayev takes restoration of the auditory function 
in less than 3 minutes as the criterion for adaptation. Many researchers agree with 
this time. This time was later verified experimentally by Ye. Ts. Andreyeva- 
Galanina, S. V. Alekseyev, G. A. Suvorov (1965). If restoration takes more than 

3 minutes, fatigue has already taken place. With prolonged repeated sounds, 
especially noise stimuli, systematically causing fatigue of the auditory anealyscr. 
a pattern of sound or noise trauma develops, the basis of which is the change in 
the receptor apparatus of the organ of hearing (V. F. Undrits), but, to no less 


degree, also in the central nervous systen. 


T. M. Radzyukevich (1968) noted interesting facts under the influence of 
medium- and high-frequency noise which cen be used as criteria for judging the 
development of processes in the suditory instrument. She established that in 
healthy individuals the shift of tempovary thresholds is slight. When working 
under conditions of systematic and prolonged noise, temporary shifts in the thres- 
holds increase, and the break between permanent shift and temporary becomes 
constantly smaller. 


Systematic noise stimulus causes permanent and temporary thresholds of 
auditory sensitivity to start to converge, i.e., the threshold determined before 
the effect of the noise stimulus (after long rest, it is significantly higher) and 
afterwards. The more the thresholds are shifted, the greater the changes in the 
acoustic analysor. Besides change in the thresholds and lengthening of its restor- 
ation time, there is one more sign which characterizes fatigue, — instability 
of judging the loudness of a sound and distortion of auditory impressions during 
complex sounds (S. A. Vinnik, 1940). This has given rise co the assumption that 


auditory fatigue has not only a peripherzl, but a central character as well, 


However, there are works which indicate that, evidently, at first the entire /125 


peripheral section of the auditory analysor suffers. 


Effect On The Organ Of Vision 


Soviet literature contains a large number of works concerning the interaction 
of sense organs, in particular, the auditory analysor with other or,ans. A 
great deal was accomplished in the interesting reseatch of S. V. Karvkov (1948) 
and his students, indicating that noise, acting on the auditory analysor, because 
of the interaction of afferent systems, changes the functional state of many 
of then. 

For a clear representation cf the intracentral connections of the auditory 
analysor with others, we give a diagram illustrating the course of the main 
nerve pathways, the two-way functional connection between nerve centers and 


receptors, according to Ye. I. Boyko (Figure 41). 


S. V. Kravkov (1948) and his associates established that stimulation by sours 
with a frequency about 800 and 2000 Hz or noises of medium and great loudness reduce 
the light sensitivity of retinal rods (scotopic vision). The noise of an airp’ane 
engine (115 dB) reduced the light sensitivity of scotopic vision 20Z from that ir 
silence. Ye. N. Semenofskaya, after stopping the auditory effect, observed super- 
normal increase of light sensitivity of peripheral vision during a rather long 
period of time, An analogous phenomenonwas observed by K. Kh. Kekcheyev and 
Ye. P, Ostrovskiy (1941) in stimulation with inaudible sounds (33,009 Hz). Ia the 
_ latter case, of course, it is difficult to judge the mechanism by which thie 
reaction develops. 


(a the other hand, some people respond with increased light sensitivity of 
scotopic vision during sound ei noise (P. P. Lazarev, 1918, 1927; P. 0. Makarov, 
1936). 

V. M. Birinskiy, in examining the functional condition of the organ of sight and 
ite ability to adapt to the intensities of light stimuli acting on it, found that 
light-sensitivity indices of the eye in the case of dark adaptation of machinists and 
their helpers, working in noisy conditions, were distinguished by great variableness, 


even before work. 


The same author noted a statistically reliable increase in the light sensitivity 
in the process of dark adaptation (27%). In laboratory conditions, a reduction 
of 29% was found, and in reduced illumination — 92%. 


Even relatively low-intensity noise (75 dB) causes a ceduction of this 


function. /126 


Concerning day vision (cone vision), euditory stimuli of medium intensity 
increase the sensitivity of the eyes to white light, fi.e., the opposite of how 
they affect the sensitivity of scotopic vision. It varies for different wave- 


lengths. The contrast sensitivity of the eye also is chauged. 


S. V. Kravkov, stimulating the organ of hearing with sounds of 800 and 
2000 Hz and noises of varying loudness found that the sensitivity of the dark 


adapted eye to blue-green rays is increased, and to orange-red it decreases. 
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Color sensitivity to green does not change iomediately, but only arter a 
short periodof time. The degree of change in sensitivity of day vision is 
effected Ly loudness, cine of i= effect, and pitch of the sound. 

V. M. Birinskiy (1966), studying the ability to make visual distinctioas 
in subjects, found its dissimilar sensitivity to red, green and biue (Figure 42). 
The eubjecte were most sensitive to changes in the green ard red parts of the 
Spectrum, and least sensitive to the blue sectica. In the train engineers and their 
helpers examined by the author, contrast sensitivity decreased in the red part of 
the spectrum 36%, increased 18% in the blue, and 26% in the gieen part. The 
data obtained agree with the observations of S. V. Kravkov. As shown by the 
studies of V. M. Birinskiy, the uneven distinguishing sensitivity is due to the 
character and intensity of the noise. as well a6 to individual sensitivity. The 


greatest shifts are observed under the effect of 98 d8 noise. In the red part 
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of the spectrum, sensitivity was reduced 91%; it was increased 53% in the green 

and 6% in the blue. After the effect of less intense noise (85 dB), distinguishing 
sensitivity to the red part of the spectrum was reduced 58.8%, and increased 22.6% 

in the green part. With a noise of 75 dB, the author observed no marked changes in 


those subjects observed in the experiment. 


High sounds lighten visible light; a lower tone, on the other hand, darkens 
it. 


Other functions of the eye are also changed. In particular, S. V. Kravkov 


detected reduced critical fusion frequency of light flashes (CFF) under the 


influence of a noise with a frequency 

of 800 Hz and intensity of 85 dB tor 

green light (520 Hz) and an increase for 
orange-red light (630 Hz). The author's 
studies showed that the reduction of the 
critical fxsion frequency of light flashes 
is an incication of increased sensitivity 
of the eye to rays, caused by the effect 
of auditory stimuli. 


Vv. M. Birinskiy, in studying the critical 
fusion frequency of light fleshes in a 
locomotive crew, observed an average 11% 
reduction afier a trip. The same was 
observed in acute tests. Netsea vith 

an intensity of 98 dB caused CFF to be 
reduced 12%, but 75 dB noise made practically 
no change in the CFF. Data obtained on 

CFF indicate reduced lability in the 

visual analysor under the influence of 


Figure 41, Diagram of main nerve noise. Under the efsect of the latter, 
pathways (a‘ter Ye. I. Boyko) 
C — auditory receptor; Z — 
visual receptor; M — misclcs; ually changed. The latent period of the 
Mk —— musculo-kinesthetic pzathway; 
Ret — reticular fo.mation; 


the visual-m>tor reaction is also grad- 


reaction to a simple light stimulus 


Mr-M —— descending motor pathway; as well as to e complex one, is lengthened 
Sk -—— auditory cortex; Sl — 

audio-vocal zone; $m — verbal 14 and 13% respectively under the pro- 
motor zone; Sr — verbal pro- longed effect of 98 dB noise (frequency 
jection of response reaction of 

the hand; LK — frontal cortex; 50-5000 Hz). The number of errors in 

Srf — lower stem section of the the differentiation reaction (to complex 
reticular formation; T — thalamic 


seccion of the reticular formation, Stimulus) increases (V. M. Birinskiy, 


1966; M. G. Babadzhanyan et al., 1960). The lengthening of the latent period 


indicates inhibition of the elements of the time connection. 


Disturbed equilibrium was e2lso observed in balance reactions to a moving object. 
The number of accurate responses by members of the locomotive crews was reduced 152% 


and that of delayed reactions increased 44%, which indicates predominance of 
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Figure 42. Contrast sensitivity of the organ of vision under the 
effect of noise. 


inhibitory processes in the central nervous system. A distinct connection was 
established experimentally between the stimulus — the noise — and this reaction. 


The reaction time of the subjects to a moving object increased in proportion to 
the increased intensity of noise. 


The boundaries of the field of vision change differently under the effect of 
noise, Broadening of the vision field boundaries is observed with blue and green 
light, and with orange-red light, just the opposite, a narrowing. 


The works of S. V. Kravkov and his associates with extraordinary conclusiveness 
show that human activity, requiring high distinctive ability of the organ of vision, 
must be performed under conditions with very low noise intensity. The intensity 1129 
of the noise stimuius and the time of its action sre very important in the 
reaction of other analysors. Change in the stability of clear vision under the 
effect of noise depends on the intensity and its spectral composition. The stronger 
the intensity of the noise, the lower the stability of clear vision. In connection 
with this, work productivity also decreases — the more the stability of clear 
vision is reduced, the weaker it is. 


A. A. Arkad' yevskiy (1960), in experimental conditions with high-frequency 
noise with an intensity of 70,75 and 85 dB, studied the time of the latent period 
of the visuomotor reaction. His studies showed that the time of the latent 
period also lengthened more, the greater the intensity of the noise. 
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D. A. Zil‘ber (1949) established the dependence between the level of noise 
and the stability of clear vision. In his tests high-frequency noise with an 
intensity of 80 dB lengthened the restoration time of clear vision to 1 hour or 
more. Noise at 70 dB was accompanied by restoration of this function in 20 
minutes. Reduction of the stability of clear vision was also observed by L. I. 


Selitskaya. 


Visual chronaxy is leagthened more with high-frequency noise than with low 
(A. B. Bykhovskiy, 1948). 


Depending on the intensity and spectral compositic.a of the noise, the course 


of successive visual images is also changed. 


However, many etudies of a number of authors show that a uniform reaction is 
hardly ever encountered. There are countless associative fibers mutually connecting 
various sections of the cerebral cortex, but there are also other intescentral 
connections by means of which changes in one organ can affect others. This is 


reflected in the interesting research of M. N. Livanov (1960). 


These connections, as indicated by S. V. Kravkov, can be cooperative or 
antagonistic. An important means of interaction of various sense organs is the 
autonomic nervous system, as was shown by L. A. Orbeli and the experiments of his 


co-workers. 


Current anatomical-physiological data indicate that in man centripetal pulses, 
coming from the sense organs, penetrate to the optic lobe and the sublobular 
(hypothalamic) area of the mesencephalon. It is here that the nerve formations are 
located, the autonomic centers which also determine many reactions of the organism, 
Therefore, stimulation of a certain receptor, besides the specific effect, cen 
also be reflected in the function of other sense ¢ “ans. The connection of 
sense organs with the autonomic nervous eystem is ew close, according to 
A. M. Grinshteyn, that each receptor can react through the somatic or the autonomic /130 
apparatus, Through the hypothalamic area stimulations can also be transmitted to 
the pituitary gland. 


As the activity of sense organs is closely ccanected with the cutonomic nervous 
system, changes in the latter always overflow, eacompassing vast sections of the 


organisa. 


The sympathicotropic character of auditory stimuli was proven by Shteyn 
(quoted by S. V¥. Kravkov), who observed constriction of vessels in the retina cf 


the human cye in stimulation by a 2034 Hz sound. 


All this relates not only to just the visual analysor, changing its function 
under the effect of a sound stimuli, but to other analysors as well. Neither 
must we ignore the fact that the phychophysiological background is especially 


important in the response reaction to any stimulus. 


For various reasons, the excitability of various sections of the nervous 
system can be changed, and their functional abilities change differently; the 
chain of reactions becomes different. The disturbance of the normal balance 
between the excitability of various sections of the cerebral cortex and the 
autonomic nervous system can cause a stimulus, which normally affects one of them, 
to also affect the other and cause a reaction opposite to the usual one. An 
avaivguus pnenomenon can aiso develop if any dominant element appears — a center of 
increased excitability in the nervous system. A change in the physiological 
background can alse develop because of a change in the intensity of the stimulating 
and inhibiting processes which regulate the activity of the entire nervous system 
(I. P. Pavlov). 


The Effect On The Motor Analysor 


I, P. Merezhkovskiy in 1884 and V. M. Bekhterev in 1911-1915 were, as far as 
we know, the first to observe in epileptic patients that loud music caused con~ 
vulsions; later an analogous phenomenon was also observed when sound and noise 
stimuli influenced them. The stimuli could be of the most varied character — 
beginning not only with music, but with bells — telephone, alarm clock, etc. 

L. V. Krushinsciy and others have shown that convulsions are due to the state of 
the central nervous systen. 

G. N. Kivitskaya cites the point of view of Servit (1958) on the pathogenesis /131 
of the development of convulsions whose formation is connected with the evolutionary <= 
development of the nervous system. Servit indicates that convulsions can also be 
observed at a lower level of phylogenetic development of the brain, as well as at 
early stages of the phylogenetic development of vertebrates. An inclination toward 
their development is encountered more often, the higher the phylogenetic development of 
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the vertebrates. The validity of such an explanation can be, undoubtedly, taken 
into acceunt, considering that the cortical region of the brain is the youngest 


formation, 


There is cons‘derable interes: in those studies which attempt to determine 
more accurately just which sections of the brain are responsible for the develop— 
ment of convulstons, and if the peripheral section of the acoustic analysor also 
plays a role. Experimental research has established that removal of the tympanic 
membrane eliminates the appearance of convulsions with sound stimulation, while 


removal of even 90% of the motor zone does not eliminate then. 


L. V. Krushinskiy and others concluded that in experimental animals (rats), 
during convulsions and afterwards, both cortical sections and subcortical forma- 
tions were invelved in the pathophysiological process. K. G. Gusel'nikova (1958), 
using the encephalograrhic method, concluded iat an excitation center is created 
in the fore part of the medulla oblongata which irradiates along nonspecific 
pathways to cortical formations. fhe author explains this by the lack of epileptoid 
discharges in the auditory and motor pathways at this time. From this she con- 
cludes that for convulsions to develop it is not necessary that the arc be closed 
at the level of the motor zone of the cortex. This can also occur at the level of 
subcortical structures in the brain stem. 


In the light of available morphological researc’. (especially in this respect, 
we must note the works of L. V. Krushinskiy and G. N. Krivitska) we can give 
a fairly clear description of the pathogenesis of the development of convuleions, 
as well as those functional disturbances of the motor analysor which are detected 
primarily in workers in noisy shops and are expressed in reduced muscular work 


capacity. An analogous observation was also noted in experiuental conditions. 


In 1891 V. Boguelavskiy noted a change in muscular work capacity in those who 
worked in noisy conditions. The. research of G. L. Komendantov (1933) verified 
this observation. 


Several authors observed first an increase of efficiency, and then a decrease 
under the effect of intense noise. In 1933, G. L. Komendantov pointed out that, 
under the influence of noise, muscular activicy indices are changed. At the 


beginning of sound, 1ift and muscle strength of the right hand increases (at 
the 8th minute), and then they begin to decrease and by the 15th minute they are 41232 


below the original. Thus, at the beginning there was stimulation, subsequently 
shifting to depression. 


Experimental research and clinical data indicate clearly expressed functional 
disturbances of the neuromuscular apparatus. Z. F. Panayotti (1963) determined 
the coefficient of dynamograpky under the effect of medium-frequency noise at a 
level of 60-100 dB. She clearly established the permanent reduction of dynamo- 
graphy coefficients (an average of 38%) and the motor reaction, recorded from 


the lower extremities, especially under the effect of 100 and 80 dB noise. 


The effect of noise on the neuromuscular sppuratus is also indicated by the 
data of other authors. A. V. Bykhovskiy (1949) and A. A. Konikov (1937) noted 
considerable, in comparison with the original value, lengthening of motor 
chronaxyy. In experiments on animals, A. V. Bykhuvekiy detected fluctuations of 
chronaxy and the phase character of its changes. In human tests, the author 
determined the effect of low- and high-frequency roise with an intensity of 40, 
60 and 80 dB. With an intensity of high- and low-frequency noise at 80 dB, he 
observed uneven changes in motor chronaxy; most often noted was lengthening of 
chronaxy and its significantly higher values with high-frequency noise. The 
degree of lengthening cf chronaxy was less in proportion to its weakening. Motor 
chronaxy was also studied by O. P. Shepelin (1959). After 15 minutes of pulse 
noise with an intensity of 70-75 dB, he observed a 40-902 lengthening. 


He also found changes in the tone and atrength of muscles, ¢. reduction of 
muscular work capacity was noted experimentally under the effect cf noise in the 
1600-2000 Hz frequency range with an intensity of 80,70 and 65 dB (E. P. Orlovskaya, 
1961). The author evaluated working capacity according to indices of strength and 
fatigue. After the effect of noise with an intensity of 80 dB, she found strength 
reduced an average of 25% from the original value, and fatigue increased 11%. The 


amount of work after the effect of such noise was significantly decreased. 


E. P. Orlovskaya very convincingly showed that a functional disturbance of 
the neuromuscular apparatus does not parallel changes in the threshold of the 
auditory sensitivity. No reduced strength was observed in the first 2 hours of 
work, but by the end of the working day it was significantly decreased. She 


established that noise with an intensity of 70 cB lowers strength 18%, and noise at 

65 dB — somewhat less (16%). Parallel with change of muscular working capacity, /133 
the time of the latent peric.s of conditioned-reflex motor reactions — simple 

and differentiated — increases, and the number of erroneous reacticns increases 

as well, indicating disturbance of the dynamics of cortical processes. Change 

in muscular work capacity was noted by A. P. Bruzhes and A. A. Arkad'yevskiy (1956), 

as well as by E. P. Orlovskaya (1962). They noted the phase characte’ of willed 

motor functions, and A, M. Volkov (1963) observed the inhibited state of the motor 


analysor in uembers of locomotive crews. 


Influence On The Condition Of Vibration £ensitivity 


Determining the condition of vibration sensitivity in transmitting acoustic 
vibrations by means of the skin is of undoubted interest, as in the past at 
lower stages of the development of organisms, vibration sensitivity emerged as a 
prototype of auditory sersitivity., Subsequently, although the. ear entirely 
assumed the function of hearing, the intracentral connection between it 
and the skin reception, which perceives vibration, was maintained. M. P. Mogil'- 
nitskiy (1936, 1937) proved experimentally that the acoustic analysor ie 
closely connected with vibration sensitivity. The research of occupational 
pathologists (E. A. Drogichina, N. B. Metlina, 1962; V. B. Lyubonudrova et al., 
1968) and hygienists (Ye. T. Andreyeva-Galanina, A. I. Vozhzhova, A. F. Lebedeva 
and others) shows that vibration, transmitted to the human body, also affects the 
auditory function. S. Ya. Lifshits proved experimentally that sounds with a loud- 
ness level of 112 phones reduce vibration sensitivity bv 7 dB. 

Of interest are the clinical data obtained by ©. A. Drogichina and 
L. Ye. Milkov, discovering a reduction of vibration sensitivity in workers subjected 
to noise. L. Ye. Milkov examined the condition of vibration sensitivity in women 
workers of several industries, where the intensity of noise was as much as 120 dB. 
The author established an increase in the threshold of vibration sensitivity, 
expressed variouslr depending on the level of noise and the length of tira working. 
Thus, with a noise level of 95 dB, the threshold increased by 7.6-9.5 dB, with 
noise at 103 dB — 810 dB. With the noise intensity at 120 dB, the change in the 
threshold continues to increase. Distinguishing ability is at first preserved, but 
subsequently deteriorates. L. Ye. Milkov noted a permanent shift in the threshold 
before work and a temporary displacement after work ended (as much as 11 dB) in £134 
those who had been working for a long time in noisy conditions. On the basis of 


the theories of V. I. Voyachek (1935), R. A. Zasosov (1945), V. F. Undrits (1935) 

and others, L. Ye. Miklov justifiably considers that change in vibration sensitivity 
is due to stimulation of the sacculus by sound vibrations; the sacculus is considered 
the receptor of vibration perception. With the combined effect of vibration and 
noise (85-96 dB), T. M. Radzyukevich (1968) detected displacement of thresholds of 
auditory and vibration sensitivity, voth temporary and permanent, as well as their 
connection with length of time on the job. 


The Effect On The Functional State Of The Vestibular Analysor 


The effect of sound stimuli on the vestibular analysor is little discussed in 
the literature, and data obtained are contradictory (V. I. Voyachek, 1927; N. F. 
Popov; Békésy, 1957). 


The research of N. F. Popov (1929), S. S. Grobshteyn and A. V. Kugaro (1931) 


and I. FE. Yeniua (1965) indicates that no morphological changes occur in the 


vestibular apparatus under the effect of pure sounds of medium intexsity. 


The studies of other authors (G. L. Komendantov, 1933; Békésy, 1935; 
Bugard et al., 1953; L. Ye. Milkov, 1963 a, b and others) indicate functional 
disturbances in the vestibular apparatus with certain sound loads, verifying this 
by the close functional connection between the cochlea aad the vestibular apparatus, 
which follows from physiological development and anatomical localization. 
V. I. Voyachek (1927) noted that certain people exp>rience dizzyness from sharp 
high sounds, for example, Galton whistles, and attributed this phenomenon to 
“irradiation — stimulation jumping from the auditory conductors to the 
vestibular." 


V. I. Voyachek (1935) attributed the sensitivity of the labyrinth to the 
movement in space of atmospheric pressure changes, vibrations, sound waves, etc. — 
to general sensitivity to mechanical pressure. Thus, physical energy underlies 
acoustic damage. Evidently, changes appearing in the vestibular appazatus are 
due to high sound ‘pressure, which is characteristic of noises and sounds of great 
intensity. Jansen (1959), in examining those in the metallurgical industry who work 
under conditions of both intense and relatively weak noises, noted complaints of 
dizzyness in a number of cases, 


Thus, a study of the vestibular function in workers of various industries, 
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Figure 43. Distribution of acetylcholinesterase activity in the 
macula utriculi of a guinea pig. 

a— no noise effect; b — undec the effect of noise with an 
intensity of 120 dB for 6 hours. Photomicrographs: ocular - 7x, 


objective ~ 10x 


as well as in experimental conditionswith the use of a sound stimulus, indicate 


that the ‘vestibular apparetus does not remain intact under noise stimulation. 


The role of noise in the pathogenesis of functional damage to the vestibular 
apparatus is still very unclear; ecpecially poorly understood is the effect of a 
noise stimulus on its sensitive cells. For these purposes, the most suitable 
method is histochemistry, which makes it possible to record minimm cl.anges occuring 
in the receptor cells of the labyrinth when it is stimulated. Under the effect 
of noise with an intensity of 120 dB, changes are observed in the receptor forn- 
ations of the vestibular apparatus (utriculus, sacculus and ampulla of the horizontal 
semicircular canal), expreased in reduced activity ani disturbed content and /137 
distribution of nucleic acids (V. I. Yerokhin, 1969). When exposure fs increased 


(from 1 to 6 hours), the changes became more pronounced. 


In a microscopic study of preparations, V. I. Yerekhin observed charges In 
hair cells nuclei of the utriculus and horizontal semicircular canal (Figure 43 and 
44). From the illustrations it can be seen that the karyoplasm of the nuclei was 
leas intensely staiucd than normally, i.e., there was a reduction of diffuse RNA. 


Tie severity of changes depends on the duration of noise. With the noise 
lasting 3 hours, the number of swelling zruclei increases. For receptor cells of 
the horizontal semicircular canal, it was 52%, and for the utriculus — 452. When 
the noise lasted 6 hours, the number of swelling receptcr cells of the utriculus 
was 38.5% and of the horizontal semicircular canal — 29.6%, but the reduction 
in the amount of diffuse RNA was more pronounced than with 1~3 hours of noise 
(V. I. Yerokhin). In these nuclei, there was a displacement of nucleoli and 
DNA blocks. 


With prolonged daily repeated wide-band noise with an intensity of 120 dB for 
1-3-5 months, there was a sharp reduction in the concentration of diffuse RNA in 
karyoplasm and cytoplasm, many nuclei lacked nucleoli and DNA blocks, some nuclei 
were close to lysis, while the dimensions of these nuclei did not exceed that 
of control animale. This evidently indicates the pronounced exhaustion of 
proteins connected with RNA in receptor cells and the inability of these nuclei to 
effect “rhythmical functional pulsation." 
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Figure 44. The amount of nucleic acids in receptor cells’ of the 


utriculyv.s of a guinea pig. 
a— no noise effect; b —- under the influence of noise with an 


level ‘ntensity of 120 dB for 3 months. Photomicrography: ocular - 7x, 
objective — 60x. stained according to Einarson, 


- The Effect Of Noise On Autonomic Fumctions And The Cardio-Vascular Systen | 


A number of works, especially those of Lehmann, Tamm (1946), Meyer-Delius 
(1957) and others, deal with the effect of noise on the autonomic nervous systen. 
In the light of data obtained by G. N. Krivitska, this is a completely regularly 
developing reaction. The opinion is held that the autonomic nervous system reacts 
only during the noise, and in no more than an hour after it ceases its function 
is restored. But we must not fail to recognize that pronounced and persistent 
changes in the functional state of the autonomic nervous system are possible with 


prolonged noise, 


Autonomic reactions can be detected 


110 WM WE even with low intensities of noise (40- 
0 17 70 dB), irregardless of how it is perceived 
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a shown by numerous studies, does not appear /138 


subjectively. Adaptation to noise, as 
a S3eec 


in autonomic reactions. A noise level of 
40-50 dB can cause an autonomic reaction 
even during sleep. The severity of the 

reaction depends on the loudness level of 


the no{se, its spectrum and character. 
a) Lo, 

O 6 1218 2030. 4244 W065 72 73 64 WJeec 

10 c Research shows that when the noise 
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Taran ee is terminated, damaged autonomic functions 
a are restored slowly. They are preserved 
@ 6 28 N36 23 HME RAHM sec longer, the longer the noise er the mara 


unexpectedly it developed. 
Figure 45. The importance of 


bands of noise in the intensity 


of an autonomic reaction (after The most pronounced autonomic re- 
eeu — third of actions are dieturbances of peripheral 
® 


3200 liz. ¢ — octave of 3200 Hz blood circulation in the form of 

homer aad re pare iy constriction of skin and mucous membrane 

amplitude in the finger (in 2). capillaries. Figure 45 shows the curves 
ovtained by Meyer-Delius, which illustrate blood supply of a finger with various 
durations of different noise bands (3200-6400 Hz) with an intensity level of 90 dB. 
The intensity of the autonomic reaction wnder the effect of various noise frequencies 


can also be evaluated according to the data of Jansen and Rey (Figure 46). 


The diagram shows curves illustrating the amplitude of a pulse wave, depending 
on the noise band (A), with an intensity level of 87-90 dB. Table 25 gives the 


character of the stimulus and the amplitude reduction in percentages of the initial 
value, 


In analyzing data illustratirg the effect of these noises, it follows that 
the functional relation between the depth of the reaction and the character of the 
noise stimulus can be found. As the width of the band of noise increases, the angle 
between the initial point and the loweut point of the curve becomes increasingly 
narrower (Table 26). The restoration time of disturbed vascular tone gradually 139 
lengthens from 53 seconds with a pure tone to 100 seconds with a wide-band tone. 


Thus, the wider the frequency band, 
the wore pronounced the autonomic reation. 
A pure tone causes a very slight reaction. 
while third and octave bands and wide-band 
noise lead to a reaction which increases 
in severity. It is evident these data 
incicate that the autonomic reaction 
is directly proportional to the 
spectral width of the sound stimulus. The 
reaction remains stable during the effect 


of noise. 


Jansen and Roy (1962) offer the 
following explanation of the vascular 
Teactiors they observed, depending on 


the spectral composition of the noise. 


Nerve fibers from the basilar convolution 


Figure 46. The effect of noise are stimulated by all sound frequencies; 
on vascular tone. (after Jansen 

and Rey). nerve fibers from the upper section 

a — angle formed by the inirial of the cochlea are stimulated only by 


point and the greatest deviation; 
b — the angle formed by the 


decay and recovery parts of the acoustic information is conducted in 
wave. Other explanations in text. 


low frequencies. Further analysis of 


the five neurons (before the cortex of the 
brain). However, the connections from 
neuron to neuron through the fibers do not conduct information farther than a 1:1 


relation. 


Change in peripheral blood circulation is linearly proportional to the sound 
pressure, but the frequency of the noise is the determinant for the autonomic 
reaction. It can be inferred, finally, that autonomic reactions are caused by 
a psychological factor. However, the relatively long latent period of 6 seconds, 
which precedes the noise reaction, does not indicate a psychologice! factor. 


A reaction of fright proceeds much more quickly and even with lightening speed. 
The authors point out that reaction to noise is observed even when it is 
anticipated by the subject. Ulcimately the reaction can also be most intense, 
when the subject is already accustomed to the noise. 
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TABLE 25 


THE EFFECT OF MOISE ON MAXIMUM 
AMPLITUDE REDUCTION OF A PULSE WAVE* 


Sie SS oe ee tee % 1% ae 


Character of] Frequency, 


Amplitude 
stimulus Hz of Pulse 
wave 2% 
Tone 3200 
Third (2650— 3400) 
Octave (2240—4500) 
Wide-band (140-8000) ] 17,6 


*Commas represent decimal points. 


TABLE 26 


DEPENDENCE OF THE ANGLE BETWEEN THE ORIGINAL POINT AND THE LOWEST 
POINT OF THE CURVE ON INCREASED WIDTH OF THE NOISE BAND 


Character of noise Time of Difference, Angle 
we ne we | Pecovery, sec] sec. a B 
Tone 53 24 142 7S 
Three-octeve ‘7 13t 7 
Octave . 8 8 123 7 
Wide band 100 15 mS 1S 


The reaction in the last phase of noise could be considered a result of 
cumulation. To prove or disprove this, the authors changed the sequence of noises 


in several tests and obtz:ned the same resulte. 


Another objection night be that autonomic reactions must not be considered a 
result of external stimuli, but only as a natural regulation vf blood circulation, 
This is contradicred by the greater intensity of the reaction in the noise phase, 
Subsequently, studies were made of the state of peripheral blood circularioz, both 


in experimental conditions and with workers in noisy shops. 


We must point out that not everyone observed a reduction of the blood supply 
to the skin. S. V. Alevseyev and G. A. Suvorov (1963) found both an average 
temperature reduction of 1.5° and its increase under the effect of white noise 
(30-12000 Hz) with au intensity of 80 and 90 cB, with an air temperature of 19-2)]° 


B, A. Krivoglaz and his associates obnerved therncasymmctiy aud sections of 
the skin with varying temperature; wore irf.equently they noted distal hypothermia 
and thermoasymmetry. Of interest is their data regarding the reactivity of vessels 
to thermal stimuli, indicating the presence of pathological vascular reactions. 
They will be considered in the section dealing with the clinical characteristics 
of noise sickness. 


There has been comparatively little study of the change in peripheral 
blood circulation in children during noise. At the same time, there is undoubted 
interest in a knowledge of its effect, not only on the organism of children 


but on adolescents as well. 


Meyer-Delius (1957), in etudying the effect of noise on peripheral blood 
eirculation in children aged 10-14 years, found that they withstand noise better 
than adults. Mattias and Jansen (1962) examined peripheral blood circulation 
in children under 11 years of age. They recorded pulse amplitude in the index 
finger. As a test, they chose a wide~band noise with a loudness level of 1 dB, 
as well es noise with average frequencies of 8000, 3200 and 800 Hz, and the same 
loudness, In all the children (47), wide-band noise ceused a reduction in the 
flow of blood to the periphery. Children aged 8-11 years had less reaction than 
adultes; the character of the reaction was the same. 2 effect of tertiary tones 
was less. Under the influence of a 8000-cycle tone on children aged 3-6 years, 
there was no change in tiie amplitude of the pulse wave; in those aged v-8 years 
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there was a slight reaction, and at 8-11 years a distinct decrease of amplitude 


was noted. 


A 3200-tone caused reduced amplitude in children aged 8-11 years; in 6-8- 
year - olds it was at first strongly reduccd, and then increased to normal. There 
was no reaction in 3-6 year olds. This same effect was also noted with an 800 


Hz tone. 


To establish autonomic disorders caused by noise, it is necessary, upon 
examining workers, to determine the condition of the skin, especially in the 
extremities and mucous membranes of the eye, mouth and nasopharynx. Valuable 
data can be obtained by recording the demmographic reaction, examining blood 
circulation in the extremities and by determining pulse rate. It is necessary to 


study reflexes from hands, feet and abdominal surface, as well as the Khvostek reflex. 


Great importance is attributed to athorough and accurate anannesis, the 
general feeling oi ihe subject, length and quality of sleep, how he feels during 
the day, subjective perception of temperatures and weather. The subject must also 
be questioned in detail about complaints of headaches, dizziness, possible distor— 
tions of visual and vestibuizr function, »ain around the heart. If autonomic 
functions are disturbed, the reason mur’ ‘e found — is it the noise factor or /142 


an individual one, living conditions or other factors accompanyirg noise. 


The proble> of noise pathology, in particular possible disurders of the 
functional state of the cardiovascular system, inan age of vast tect:nological 
development and its introduction into industry as well as community life is 
attracting an extensive range af specialists. From the aspect of industrial 
hygiene and occupational pathology, this problem can only be solved by experimental 


research and clinical observations. 


A. L. Myasnikov (1960) attached significant importance to noise in the genesia 
of hypertrophic disease. Later, A. A. Andryukin (1961), L. I. Geller (1963) and 
I. S. Ivatsevich (1963) and others noted hypertonic disease more often among workers 


in noisy shops. 


Ae it is difficult to find the causes of functional changes in the cardio- 
vascular system in workers under industrial conditions because of the presence of 


many factors able to disturb it, it is especially importwst to model industrial 
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noise in the laboratory. 


Many researchers have followed this course. As an example, we present the 
experimental research of A. M. Volkov (1963) with noise typical of railroad 
transportation, He noted a tendency toward increased systolic index (calculated 
according to Fogel'son and Chemogorov) because of the increased frequency of the 
heart contzaction regime; however, tlis does not always occur. Functional charges 
in the cardio-vascular system depend nct only on the frequency and intensity of 


noise, but also on its character and time of effect. 


We aleo indicated that the noise factor is often accompanied by other effects 
able to change the character of the vascular reaction, especially when heightened 
demands of high temperature or excessive infrared radiation, which occur simultan- 
eously with noise, are made on the thermoregulatory apparatus. Physical work can 
undoubtedly have an effect. ‘there are observations indicating that in these cases 
it is difficult to explain changes in the cardiovasuclar system by noise alone. 
the effect of a compiea vi iltese factors, peripheral vesseis will dilate ana 
not conetrict, as is often observed under the effect of noise alone. When. 
arterial pressure is unc.anged, less blood will flow, but this is possible only 
when the stroke volume is less (amount ejected by each heart beat). 


Lehmann and Tamm (1956) used a ballistocardiogram to study the condition of A143. 
blood pressure during and after the effect of tones with a frequency of 800-1600 
Hz and 3200-6400 Hz, and an intersity of 90-60 phons. In the majority of subjects, 
a statistically reliable reduction in the systolic volume of the heart and in the 
amplitude of arterial pressure was determined. Peripheral resistance to the 
flaw o% blood was raised; the pulse rate either was unchanged or was sunewhat 
reduced. ‘hese changes were maintained throughout the sound and they developed 
without any warning of the noise. Sounds witn a frequency of 800-1600 Hz and an 
intensity of 70 phons led to a change in blood circulation only when they caused 
subjectively unpleasant psychological experiences owing to a certain association. 
O. P. Shepelin (1961), in experimental conditions, observed varying vascular 
reactions depending on the character and frequency of the noise, The author noted 
acclimation to noise with intensity of 70-85 dB, which does not agree with the data 
of Lehman et al. 


There are differing opinions about tue dependence of the level of arterial 


pressure on the duration of noise. Different authors observed the develupment of 
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both hypo- and hypertonic conditions. These contradictions are evidently related 
not only to different intensity and character of the noise studied by individual 
authors, but also ‘o many other additional factors, as well as individual 
reactivity; this is responsible for the different direction of a certain deviation 
from the normal level of blood pressure. There is also a rather large amount of 
material indicating that hypertonic disease in encountered comparatively often among 
those working in conditions where they are affected by constant intense noise 

(A. A. Andryukin, 1961; I. I. Galakhov and A. I. Kachevskaya, 1958; T. A. Orlova, 
1958; A. P. Rusinova, L. P. Rodionova, 1968, and others). There are also 
observations of the hypertensive effect of pulse noises (0. P. Shepelin, 1959; 
G. A. Suvorov, 1965; M. L. Khaymovich, 1961, and others). Figure 47 presents 
curves which illustrate changes in the cardiovascular system under the effect of 

a noise load of 200-400 Hz with a loudness of 90 phons. The upper curve shows 

the increase of total resistance, which results from vascular constriction. Pulse 


rate remained unchanged; stroke volume decreased. 


S. V. Alekseyev and G. A. Suvorov (1965) in testing the effect of white noise 
with an intensity of 70,80 and 90 dB (30 minutes-1 hour), using tacho-oscillography 
and pulsotechometry, found that white noise with an intensity of 90 dB caused an 
increase in maximum arterial pressure (average of 7 mm), lateral systolic (1 mm) 
and minimum pressure (12 mm). The frequency of deviations of mean dynamic 
and stroke pressure (both increase and decrease) was practically the same. The 144 


a 


heart beat rate increased 6 beats per minute . 


Noise with an intensity of 80 dB also changed arterial pressure and pulse 
Yate, Maximm arterial pressure increased 8 mm (average), and lateral — 9 m, 
while minimum pressure decreased 8 mm and stroke pressure — 9 mm. Mean dynamic 


pressure increased 2 mm. Pulse rate rose 5 beats per minute. 


Noise with an intensity of 70 dB caused no changes in the cardio-vascular 


systen. 


A. A. Arkad'yevekiy (1960) determined the character of shifte in cardiac 
activity after the effect of low-frequency noise with intensity of 80, 90 and 
100 d>, using the electrocardiographic method. In his tests, the author noted 
a@ reduction of maximm pressure and an increase of minimum blood pressure. Thus, 


data of the author on change in blood pressure were different from those of 


band 
my 
~ 
w 


S. V. Alekseyev and G. A. Suvorov with the effect of white noise. It can be 
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Figure 47. Change in indices of 


the functional state of the 


cardio-vasuclar system under the 


effect of noise. 
1 — peripheral resistance; 
2 — pulse rate; 3 — stroke 


volume; 4 — systolic pressure; 
5 —- mean pressure; 6 — dia- 


stolic pressure. 
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assumed that the difference was determined 
by the frequency composition of the noise. 
Pulse rate in the subjects of A. A. 
Arkad'yevskiy, as well es in those of 

the above authors, was reduced 6-9 and 

14 beats per minute (corresponding to 
noise intensity of 80, 90 and 100 dB). 

The author attributes the observed 

changes in blood pressure to the stimu- 
lation of the auditory centers in the 
subcortical region during prolonged 
noise,which leads to an inhibition 

in the autonomic centers and to a change 
in autonomic functions, primarily 


hemodynanics. 


A change in pulse was observed by 
E. P. Orlovskaya (1962a,b). After the 
effect of high-frequency noise with a 
level of 80 dB for 1 hour 50 minutes, the 
pulses. was slowed down, but after an 
intensity of 65 and 70 dB, on the other 


hand, the rate increased. 


Pulsed noise has a considerable effect on pulse rete and blood pressure. Un- 
fortunately, there is little experimental research and clinical observations in 
this area as yet. Undoubtedly change in blood pressure wider the effect of 


pulsed noiee and unexpected sounds occurs differently, depending on their character 


end physical parameters. 


In any case, it is well known that stable noises have less effect than pulsed 


noises. However, the latter can alar cause both increase and decrease of arterial 


pressure. O. P. Shepelin observed greater changes in maximum and minimum pressure 


with puleed noise than with stable noise of the same parameters, 


On experimental research with pulsed roises, we can also note the works of 
G. A. Suvorova (1968) and E. ?. Orlovskaya (1967). They found a significant 


change in olood pressure and instability in the indices of maximum and minimum blood 
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pressure. E. P. Orlovskaya noted the interesting fact that change in blood 
pressure depends on the background against which the noise develops. Aerodynamic 
noise is a wmique pulse noise. In workers who are subjected to it, even before 
work (in 4.2% of cases) and even more often afterwards (in 14.2Z) diastolic 
hypotonia and asymmetry of ‘vascular tone are observed; a significant difference in 
maximum blood pressure (over 10 mm) was noted in 55% of the women workers, and 
60% after work. Both a 15-20 beat per minute increase in pulse rate and a 


reduction were noted in these same workers. 


A. V. Kadyskin, in determining the bioelectric activity of the brain, at the 


game time also studied the functional condition of the heart. 


The results of the tests of A. V. Kadyskin (1967, 1968), conducted on animals, 
showed that cardiac activity is at once actively involved in the response reaction #286, 
to noise. Following actuation of a wide-band stable noise stimulus, a pronounced 
increase in the number of heart beats was observed. It is important to emphasize 
that, despite the unidirectionality of the original reaction, its length was 
considerably greater in animals under the effect of 120 dB noise than under the 
influence of 90 dB intensity noise. 


A definite reaction was clearly revealed in the heart beat in proportion to the 
effect of noise with an intensidy of 120 dB. A brief rate increase, developing in re- 
sponse to actuation of the noise, rapidly changed to a reduction, which persistently 
progressed. ‘This caused the rate of heart contractions first rapidly to reach the ini- 
tial value, while at the end of the experiment the reduction was considerably below 


the initial level. A similar reaction was revealed distinctly from test to test. 


Bradycardia and arrhythmia were quite persistent, being maintained in the after- 
effects period even to the next test day. The direction of changes detected in the 
tate of heart contractions under the influence of 90 dB noise was the same as in the 
first group of test animals. However, on the next day, the EKG did not differ in fre- 
quency from the original. No statistically reliable differences were detected be- 
tween indices. 


Research on humans does not exclude the possibility of individual sensitivity to 


noise. Therefore, it is necessary to conduct teste on animals, 


An important part of the dynamics of the heart in test animals under the influence 
of noise ia analysis of the interrelations between the length of heart cycle phases 
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and cardiac rhythn. The length of some phases can change significantly when heart 
rhythm is altered; other phasea maintain their length unchanged. Thie clerifies the 
interest shown in establishing normal interrelations between the length of phases 

and the length of the cardiac cycle, which is necessary for correct evaluation of the 
electrocardiograms obtained before, during, and after the noise. Of especially in- 
portant interest is a quantitative description of the interdependencee of phases of 
cardiac activity detected in all periods of the experiment. A change ia the ‘Length 
of the phases ie an indication of disturbance to the functional state of the myocar- 
dium, as well as a deterioration in the quality of heart beat regulation. 


Cardiac rhythm, of ocurse, is rot the only factor determining the length of L147 
certain phases of the cardiac cycle normally and under the effect of certain physical 
factors. This ie why A. V. Kadyskin erudied changes in the length of systole of 
the heart (G-T interval) as well as in the systolic index to evaluate the effect 


of noise on cardiac activity. 


The Q-T interval corresponds to the period from the etart until the end 

of stimulation of the ventricles, i.e., the electric systole of the heart. The 
length of Q-T depends on the duration of the cardiac cycle. Ae we have already 
pointed out, data on the systolic index, presented by Ya. I. Fogel'son and 1, A. 
Chernogorov (1957) were used to charecterize electric systole at various periods 
of che experiment, The systolic indvwx ie the ratio expressed in percentages of 
the length of the electric systole, ‘neasured by the Q-T interval, to the iength of 
the cardiac cycle: 


QT . 100 = 
RRO «100 = SI. 


The systolic index, obtained for a given rhythm vefore the test, wae compared 
with the eyetolic indices at various periods of notee. 


Analyeie of the reeulte shows that the length of the electric systole under 
the effect of noise with an intensity of 120 dB undergoes significant changee, 
which indicate severe functional changes ‘n the heart muscle of test animale, 


Significant extension of the Q-T period was observed in the first 5-7 deys 
of the noise with an intensity of 120 dB; this was observed especially clearly in 


the first half of the experiment. However, later the changes observed in the 

length of the electric systole acquired another aspect. The length of electric systole 
progressively decreased in proportion to the effect of the noise. Having expressed 

the ratio of the length of the electric systole discovered in the test (actual) 

to the length of electric systole at a given frequency normally (standard) in percent-— 
ages, a significant shertening of the Q-T interval was roted, more than 202. Thece data 
were subjected to statistical analysis, proving them highly reliable. In the 
aftereffects period, these changes are leveled out, but are not ccapletely restored, 
which in turn emphasizen the severity of shifts in the function of the myocardium 

of the test animals. 


Evaluating the length of ventricularelectric systole during a change in 
heart beat rate is mide easier by calculating the systolic index. If, in the 
first tests, a slight increase was noted in eystolic index, as the experiment 
continued a marked etatisticaily reliable (P < 0.01) reduction of the systolic 
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index was soserved, wiich is iiiuscrated by the graphs below. 


Studies conducted analogously in a group of animals subjected to the effect 
of 90 dB noise shoved thet the length of the Q-T interval and of the systolic 
index varied slightiy. Analysis of the material did not show sufficient statistical 
reliability. The data obtained by A. V. Kadyskin indicate that in the first days 
of the experiment there is adistinct unidirectional reaction, similar to that 
revealed with 120 dB noise. Also noteworthy 16 the fact that in both test 
groups there was e marked reduction of voltage of electrocardicgrem waves. 
However, it must bs pointed out, that 1f£ EKG potentials, especially the T wave, 
vere rather peroietently reduced und-r the effect of noise with an intensity of 
120 dB, with 90 dF. noise the electric activity of the heart muscle was rapidly 
restored irmediately after the animals were removed from the nolse. 

It is known that respiratory reactions are composed partly of vezrious 
orientation, foou, motor and many other unconditioned and conditioned reflexes. A 
close connection has been established between the respiratory center and various 
functional systems, and the possibility has been shown of rapid reorgar:ization 
of its activity depending on the effect of the intemal or external medium. 


Comparison of the dynamics of changes in cardiac and respiratory function 


ig unnecessary, aa they are both various aspects of the same function. The /149 


a 


accumulation cf regulatory effects will 


May ultimately produce the same result: the 
a” most optimum ratio between level of 
te activity of these systems and specific 
no requirements of the medium. This ia why 
0 wd revealing changes which occur in the 
2) ie respiratory function under the effect 
oo ‘ of noises of various parameters is 
pe important both theoretically and 
o practically. This becomes especially 
é 


clear if we consider that the respiratory 
function is responsible for gas exchange 
Figure 48. Change in heart beat which is the basic link of metabolism. 
rate under the influence of 
noise (120 dB) 

Days of experiment: 1 — firet; 
2 — second; 3 — fifth; 4 — a 7 
eixteenth; 5 — twenty-sixth; were noted by L. F. Fasler (1928), 


6 — thirty-sixth,. L. Ye. Milkov (1963a) and others. 


Changes in the respiratory function 


The teste of A, V. Kadyskin found that wide-band stable noise caused certain 
changee in frequency, rhythm, end type of respiratory movement. 


Actuation of noise with intensity of 90 and 120 dB caused a sharp iocrease 
in the respiratory rate; the data show thet it is more pronounced with 120 dB 
noise. It must be pointed out that in animala, besides the increased respiratory 
rate, the amplitude of respiratory movements also increased. This probably 
indicated that the noises being used at a given stage of the experiment stimulate 
the activity of the reapiratory center, and increase its functional effort. 
However, Further changes in respiration in both experinental groups proceed 


differently, which could have been attributed tu differences in the intensity of 
noise used. 


The results of statistical analysis of the frequency of respiratory movements 
with the effect of noises with a level of intensity of 90 and 126 dB are given in 
the form of graphs (Figure 49). With noise of 120 dB, a high degree of statistical 


reliability was seen in the change in respiration rate in all periods of the 


experiment. There wae en almost complete lack of statistical reliability obtained 


from animals subjected to 90 dB noiee. 


Under the effect of 120 dB noise, 
as the experinent continued the rate of 
*e, respiratory movements significantly 
te decreased. By the end of the experiment, 


ae pe the respiration rate had been reduced 


oe n> eee 


. 
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3 nearly one half. Also noteworthy is the 


fact that changes in the respiratory sys-em 
are not transitory, but persist to a 
certain extent. This is indicated 

by the preservation of a progressive 
reduction of the respiratory rate, not only 
during the aftereffecte period, but also 

to the next test day. 


Ae can be seen Fru 
respiratory rate is also significantly 
reduced in the initial data, i.e., before 
actuation of the noise; changes progress 
as the experiment continues, as well as 
from test to test. It can also be noted 

Figure 49. Change in respiratory that actuation of the noise caused a new 
rate under the influence of noise 1 If h 
with an intensity of 120 (a) and reection in the respiration. » at the 
90 (b) dB. Legend same as start of the experiment the amplitude of 
Figure 48, 
tespiratory movements is increased in 
the test groups along with the respiratory rate, subsequently there are essential 
differences in the reactions of both experimental groups of animals. Starting 
with the 5-7th dey, under the effect of 120 dB noise, despite the reduced 
number of respiratory movements, there wae a significant reduction in the respiration 


awplitude. 


By the end of the experiment, the amplitude oi: respiratory movements in the 
first experimental group was almost three times lower in comparison with the original 
data. 


Regarding changes in the <espiratory function under the effect of noise with 
an intensity of 90 dB, teste on animale showed that as the experiment progressed a 


tendency toward increiszd respiratory rate was maintained during each test, and a 


det 
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reduction of respiration by the end of the experiment. However, after deactivation of 
the noise, the rate of respiratory movements was rapidly restored and the amplitude of 
respiratory movements varied slightly. We must note that basically respiration under 
$0 dB noise 30-60 minutes after the start of the test did not differ from background 
data. There was no disturbance of respiratory rhythn. 


No statistically reliable change in the respiratory rate could be detected in this 
group of experimental animals. /153 


Data about the types of respiration produced in animals with noise of 120 dB are 
especially interesting. It was pointed out above that noise caused not only increased 
rhythm of respiratory movements. but a sharp increase in amplitude as well, Even in 
the first days of the experiment, especially at the end of each test, periodic respira- 
tion was noted after such intense activity of the respiratory center. These phenomena 
were progressive, and as the experiment continued still more severe and more pronounced 
disordera of the vespiretery function began to deveiup against a background of high- 
power noise. Following pronounced functional strain of the respiratory center, wavy 
respiration developed, and later — breathing resembling the complete and incomplete 


rhythm of Cheyne-Stoxes respiration. 


However, this pattern was not stable: periods of wavy respiration alternated 
with even breathing resembling periodic Cheyne-Stokes respiration. It can also be 
noted that the relatively long periods of intense respiration with a high amplitude 
alternated with shorter periods, but with a low respiretion amplitude. The changes in 
the functional ab. ity of the respiratory center under the effect of noise, noted above, 
clearly progressed as the test continued and occupied an ever-increasing part of the 
recording. 


The cyclic character of respiratory reactions indicated, evidently, that under the 
effect of intense noise, the respiratory center switches first to a higher, then to a 
lower level of activity. Experimental data have helped detect various types of respira- 
tion. The types of periodic respiration detected which develop under the effect of 
intense and prvlonged noise. appearing with a change in the relative depth and fre- 
quency of respiration, are evidently due to variations in the tone of respiratory mus- 
cles and the interaction of intensification and weakening waves. We must point out 
that, as the experiment continued, various types of pathological respiration developed 
most often in the first half of each test and, having developed, alternated with each 
other as well as with periods of even breathing. The alternation of frequent and deep 
breathing with periodic respiration, as well as the progressive reduction of respiratory 
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functional potential of the respiratory center. However, removing the animal from the 
effects of the noise restored even breathing, and correspondingly, increased the ampli- 


tude of the respiratory movement. 


The Effect Of Noise On the Emotional State Of Man 
And His Working Capacity 


With respect to the emotional state of the organism which determines human 
behavior during long and short effects of noise, there are more investigations /1s2 
than est.Slished facts. This is not surprising, if we consider not only the 
various parameters and character of noise, but also the individual reactivity of 
humans to this stimulus and the often great complexity of the environment in which 
human activity occurs. We can hardly ignore the effect of noise on the psyche 


during rest. 


The opinion ie held that noise can act purely psychologically ("unpleasant" 
sensation, a feeling of annoyance, etc.), reduce working capacity and cause a number 


of objective physiological reactions, 


In this direction, some interesting data have been obtained by Rosenblieth 
(1957), Kryter, Ward, Miller (1966). The latter conducted research in the 
laboratory with hie students. If mental work must be performed, the annoying 
effect of noise is seen very quickly. Miller, as well as the coworkers of the 
Department of Industrial Hygtene of the LSGMI, pointed out the dependence of 
subjective "unpleasantness" of noise, developing while performing tasks under the 


strain of mental activity. 


- Broadbent (1958) feele that there are several sources of information which 
will give an idea of the reasons for the irritating effect of noise. The first is 
observaticn of those instances where there is an obvious effect or considerable ir- 
ritation from noise, However, although this method has its positive aspects, it 
cannot be considered sufficiertly conclusive. Therefore, the broad use of the 
experimental-laboratory method of study ie suggested. Broadbent presents data 
on the relation between the loudness level of noise, unpleasant sensations, and 
conditions in which people find themselves. For exa:ple, the loudness of household 
noise coming from neighboring apartments is only 60 dB. However, its irritating 
effect is extremely high, as are the high number of complaints. 


In the overwhelming majority of shoys the loudness level of roise is much 
greater (most often 90 dB), but nevertheless, it does not have an irritating 
effect. Evidently, the reason is the presence of an operative daminant element 
and the surrounding situation. But neither must we ignore the varying sensitivity 
and reactivity of individual persons to the noise stimulus — the special sensitivity 
of some and the low sensitivity of others. Therefore, an undoubtedly important 
problem is developing effective tests which might help to pin point workers who are 


extremely sensitive to noise in noisy shops. /153 


In rooms where people perform mental work, the same noise causes s:ritation 
and an unbearably unpleasant sensation. Therefore, it ie difficult to establish 
criteria for a general level of loudness which will always have an irritating effect. 
The latter is closely connected with the fact that man cannot distinguish ordinary 
conversational speech, as well as the fact that noise interrupts production 
activity, reading, etc. The sensation of “unpleasantness" depends on the intensity 
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and spectral composition of the noise. Large vibrations also cause more 
pleasantness" than if they were smaller. They are percieved as very unpleasant 
tones, irregularly pulsating. It aust be recognized that the most conplaints about 
noise irritation are due primarily to the physical data of the latter. Sounds or 
high-frequency noises (1500 Hz or higher) have a more irritating effect than low- 
frequency noises of the same intensity. However, there are observations which 
indicate that low sounds (about 100 Hz) also are more irritating than noise with a 
spectral composition arranged closer to the center of the voice spectrum. Its 
extreme frequeacies irritate more than the middle frequencies (Pollack, 1952). Un- 
fortunately, this range of low frequencies has attracted little attention. 

It is here where the greater number of complaints against the irritating effect of 
noise fall (Ye. Ta. Andreyeva-Galanina). 


Yu. S&S. Karyukayev presents interesting data on the number of complaints about 
irritation among the large group of workers he examined, who were subjected to 
the effect of medium - and high-frequencv noise with an intensity level of 97-116 
dB. When the worker had spent less than 5 years on the job, the complaint rate was 
10Z; those working from 6-10 years — 28%; 11-15 years — 65%; and over 15 years 
— 94%. There is the opinion that noise in which the greatest energy falls on 
individual tones is more irritating than that where it is evenly distributed. 


Miller noted the pronounced irritating effect on hia audience of a vide 
spectrum of noise, He pointed out that their perception did not remain constant 


but changed, depending on the background, and vice versa. £E. P. Orlovskaya (1967) 
established the Lackground value in her experiments with impulse noises. 


Discontinuous impulse noise hag a greater stimulating effect, esvecially if 
the sounds vary in their intensity and frequency. In this connection, the assumption 
ie made that here the change of frequencies is not as important as that of intensity. 
In any case, long-acting impulse noise causes more irritation than stable. The 
opinion is also expressed that strictly periodic but not sinusvidal noise also 
has a great stimulating effect — for example, the noise of automobile horns or 
human screams, Miller established that, if the length cf certain tones of noise in 
&@ sequence of sounus is greater than in others, tais noise becomes more irritating 
than stable noise. The irritating effect increases if there are quiet pauses in 
the noise. In spite of the undoubtedly interesting data regarding the character 
of noise, its frequency composition and intensity and other chsracteristics, the 
Yeasons for its irritating effect are still far from being resolved, Aroadbent 
(1958) feele that sound which changes location can be more irritating than that 
which remains station ry. If the noise source remains constant, it can be adapted 
to more quickly and its irritating effect becomes insignificant — another kind of 
reaction develops. 


When the source of a noise has a certain location, the position of this source 
in relation to man becomes important. They should not coincide. 


The effect of noise on working capacity. Holstead (1958), studying the working 
capacity of people under the noise of an airplane engine, found that in these condi- 


tions their working capacity was reduced, which he established by having them perform 
certain taske, 


The experimental research of S. V. Alekseyev and G. A. Suvorov using the proof 
method (according to the tables of Anfimov) showed a definite dependence of mental 
working capacity on the intensity of white noise. At an intensity of 70 dB, it 
was reduced 3.6%; at 80 dB — 5.2%, end at 90 dB — 12,22. 


Broadbent gives the results of research with the noise of weaving machines 
at an intensity level of 96 dB. Some of the subjects wore ear phones, other 
did not. Working capacity was lower in the second group than jn the first. The 
author aleo established that discontinuous noises interferred with mental work 
wore than stable . Analogous effects were also observed by G. A. Suvorov (1958). 


TABLE 27 


REDUCTION OF CONCENTRATION OF ATTENTION ('N %) 
IN COMPARISON WITH INITLAL YALUE* 


Reduction of concentration of attention 


dB Initial] After After After 
values 30 min. | 60 min. | 120 min. 


100 3t,2 23,2 20,7 15.6 
$0 18,9 18,2 15.8 10,4 
80 15,1 14,6 10,2 8.1 
70 9,5 16,4 5,8 { 5,1 
| 6 | §.7 | 5.9 | i? | 1,0 


*Commas represent decimal points. 


There is a large amount of research on the reduction of physical work capacity. 
According to the data of S. S. Vishnevska, S. I. Gorshkov (1960) and others, 


intense noise reduces capacity of working and increases the number of errors. 


Human activity is closely connected with concentration of attention. Reduction 
of the latter must, without doubt, also affect the productivity of work, i.e. work- 
ing capacity, whether that work 1s physical or mental. /155 


Zz. F. Panayotti (1963) studied the effect of medium-frequeucy uotse with an 
intensity of 60, 70, 80, 90, and 100 dB on subjects in a soundproof chamber for 
2 hours. She noted two facts concernirg concentration of attention: first — 
that it depends on the intensity of the noise; second — that it ie most sharply 
altered immediately after the activation of noise. Later, as the effect of noise 


continues, concentration of attention increases. 


Table 27 shows the change in attention under th: effect of noise of varying 
intensity and cffective time. Corresponding data were also obtained by the author 
with respect to the distribution ani switching of attention, 


Her data imply that noise of medium-frequency with a level of intensity of 
80-100 dB can undoubtedly lead to a reduction of productive work and attention, 
which is especially dangerous in those industries where there are moving objects 
and traumatism is possible. M. A. Chuchumov (1965) noted that noise can lead to 


increased traumatism. 
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CHAPTER IV 
THE EFFECT OF NOISE ON THE FUNCTIONAL STATE OF 


THE CENTRAL NERVOUS SYSTEM 


We now know that the stronger the noise stimulus and the longer its effect, 
the greater damage it will cause in the organism, The frequency composition of /156 


the noise, che intensity and time of ita action, individual perceptiveness and other 
attendent industrial and daily factors play an important role in the character 
of developing damage. 


A large number of studies, conducted under industrial, clinical ».d experimental 
conditions, have been directed toward finding the mechanisms of occupational deafness 
diagnosing early danage to the organ of hearing, determining auditory sensitivity 


during the effect of various occupational noises ard developing means ui presention. 


Much later, several researchecs turned their attention to the fact that during 
noiee, the functional state of the cer.rai nervous syetem is disturbeu first. Never- 
thelese, this question ht not receivana sufficient study in works dealing with the 


effect of noise on the organiau. 


Determining the roie of the c+ ir.) nerveus eyatem will ondovbtedly r-veal 
the mechanism of patholegica) shitt, ots-rved tn che organism Jurin; the effect 
of noise and make it possible to ju:ci“v :nd, at th« same time, sndertake creventive 


steps against the developuent of ncels<« : achel<gy. 


As is known, up to a certain poi’: increasing the intensity of xn uxternal 


agent causes intensification (excitatioa) of corresponding activity of the organism. 
But functional resources of vital systems are not unlimited, ard extremely 

atrong or extremely long stimulation causes maximum inhibition, protecting the 
reactive structures from exhaustion or death, The most striking feature of maximum 
inhibition is the distortion of reactions tc strong stimulaticns, resulting in 
compensatory, paradoxical, ultraparadoxical, and inhibitory stages (N. Ye. Vvedenakiy). 
There is every basis for assuming that maximum inhibition is connected with severe, 


though reversible, shifts in cellular cytoplasm (D. N. Nasonov). 


P, V. Simonov (1966) advances tue hypothvsis of discontinuous inhibition, /1S7 
indicating that the force and length of stimulation does not always exceed the 
functional resources of the system, the limit of its excitation, or the limit of its 
working capacity. And at that moment stimulation is replaced not by maximum 
inhibition, but by another inhibitory state, different from the maximum... This 
is primarily expresned by the preservation of reactions te strong stimul! with 


depression of reactions to weak stimuli. 


Considering that a noise stimulus has extremely varied physical characteristice, 
various shifts might also be expected to develop in the central nervous system; this 
ie substantiated by literature data and our research. 


There is the opinion that fatigue is not the same in various sections of 
the nervous system during intense noise. K. Shreder (1958) speaks of stronger 
fatigue during a complex reflex and the pronounced ‘ncrease in susceptibility to 
fatigue of complex coordination centers and, later, the ceretral cortex. The 
wore complex end higher the zones of the central nervous system involved in work 
activity, the more they suffer from noise. 


With the effect of noise, many authors have observed an increase of the Jatent 
period of conditioned motor reaction, a reduction or disappearance of conditioned 
reflexes, differentiation disturbances, and sometimes pathological intensification 
and slight stagration of the irritable process (L. V. Krushinskiy, L. N. Molodkina, 
D. A. Fleas, 1950). Cases of loss of consciousness, development of epileptoid 
convulsions and paralysis during the effect of severe noise have been described by 
Tomatia (1959), Sywanski (1959), Kreyndler and others. However, Titesa (1965), 
on the basis cf his own and literature data, feels that musicogenic epilepsy 


4s eacovntered quite rarely (a little more than 70 cases are described). In such 


160 as, {oe ite Wee oPepes > 


patients, epileptic convulsions are caused exclusively by music, regardless of their 
musical culture. In these cases, elementary noises are still not the cause of con- 
vuleions, which are often observed with the sounds of a certain instrument or 
melody. S.N. Davidenkov (1960) described cases of epileptic convulsion developing 
in response to the same aria. 


The pathogenesis of sonogenic epilepsy is still not clear. L. V. Krushinskiy 
(1950), in an experimental study of the mechanisms of convulsions, conducted 
tests on re~s in a chamber to which a 80-130 dB sound, composed of high and low 
frequencies, was fed. Motor excitation was noted in the rats in response to the 
sound stimulus, often ending in convulsions. After the convulsion ended, a stuporous 
condition appeared, altermmating with complete areflexia. L. N. Molodkina (1956) {158 
feels that motor disturbances during convulsions are the result of exhaustion and 


weakening of the inhibitory process. 


fhe comparative genetic research of M. S. Alekseyeva, V. I. Yelkina and 
Vv. K. Fedorova (1964), studying the rate of development and alteration of conditioned 
reflexes in rats sensitive to the effect of a sound stimulus and rats of the 
Wiater line, showed that the mobility of nerve processes is an inherited trait of 
the nervous system. The authors also determined a statistically reliable higher 
mobility of nerve processes in rats which ate highly sensitive to the effect of 
sound, It waa noted that the offspring of animals in which convuleions always 
developed in response to a sound stimulus had a much higher percentage of suscepti- 
bility to convulsion. 


S. ¥. Alekseyev and G, A. Suvorov (1967), studying under experimental conditions 
the effect of noive of various parameters on the functional state of the central 
nervous system of man, established that just being in an experimental situation has 
an important effect on the organism (Table 28). Being in a soundproof chamber for 
3-4 houre causes fatigue of the nervous system, which is evident frow the lengthening 
of the absolute values of the latent period of the visuomotor reaction to 
etrong and veak stimuli (19.1: and 16.6 msec. respectively). At the same time, the 
atrength of the effector response is decreased (an average of 142) and force ratios 
ave disturbed, The number of normal force ratios (the dependence of the motor ne 
effect on the intensity of the conditioned stimulus) is reduced by 4.52. The 
appearance of phase conditions indicates disturbance to the basic nerve processes. 


With proloneation of the experiment to 2 hours, changes become less pronounced 
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and appear basically in the form of a slight reduction in the intensity of response 
Teactions to strong and weak stimuli (10.4 and 11.1%). The authors established chat 


l- hour exposure does not cause pronounced changes in these functions, while exposure 


for 30 minutes causes a slight increase in the latent period as well as in the 
absolute values of motor reactions (9 and 11%) to strong and weak stimuli in 
comparison with the original indices. At the same time a slight increase in the 
gumber of normal force ratios is noted. Changes in the motor reflex with 30 
minutes of exposure can probably be considered as a slight disturbance in the 


equilibrium of cortical processes aimed at intensifying the stimulation process, 


Studying the effect of a noise stimulus (white noise) for 60 minutes, the 
authors established that this noise with an intensity of 90 dB causes pronounced 
shifts in the visuomotor reaction (Table 29). Variational statistical analysis of 
these cata shows a reliable reduction of the intensity of the effector response of 
30.1 relative units to strong stimuli, and 14.9 relative units to weak ones. The 
latent period of tha visuomotor reaction increased 20 and 45 msec., respectively. 
The number of normal force ratios decreased an everare of 14.4% from the initial 
value, This disturbance of true ratios between the force of the effector response 
and the intensity of the stimulus was seen in the form of compensatory and 
paradoxical phases. The latter is only noted after the effect of noise. Under 
the influence of a noise stimulus with an intensity level of 80 dB, an average 
reduction of 14.3 rel, units in the intensity of the response reaction to strong 
stimuli is primarily noted, and 9.2 ret. wits to weak light stimuli. The latent 
period of the conditioned motor response is also increased an average of 18.8 msec 
in response to strong light stimuli, and 29.0 msec to weak stimuli. The nunber of 
nomal force ratios after the effect of sound ia reduced, but not as much 48 was 
observed with 90 dB. Aiter the effect of wide-band noise with an even spectral 
density of sound intensity, at a level of 80 dB, an average decrease of 8.4% was 
noted in normal force ratios from the original values, which primarily appears in 
the form of compensatory phases. After an hour'’a exposure with intensity at 70 dB, 


the authors note no important changes in the conditioned motor reaction. 


Studying the effect of noise with maximum sound energy at frequenciea of 300, 
500 and 700 Hz and intensity of 90 and 80 dB on the functional state of the central 
nervous system, S. V. Alekseyev (1965) observed a change (figure 50). With the 
maximum of sound energy at 700 Hz and the intensity level at 90 dB, the author 
found a 48Z reduction in the intensity of the reaction, and with the sound energy 
maximum at 300 and 500 Hz, a 29.1 and 372 reduction, respectively, was noted in 


the intensity of the reaction. After 


33.8%, respectively. The latent period 


Lf Sf 
p~ of the visuomotor response lengthened when 
Zz 


the intensity level of the noise was 


% one hour exposure to noise with an. 

Bs intensity of 80 dB and maximum sound 
& energy corresponding to frequencies of 
0 300, 500 and 700 Hz, the intensity of 
8 frie the reaction was reduced 14.5, 26, and 
é \ 

a 

2 

0 


os», —ti(“<itéi0sS Bs tt Was most pronounced with the 
70 60 $2 85 
b sound energy maximum at 700 Hz (before 


Figur. 50. Change in the inten- the noise, 179 + 1.2 msec; after the 


sity and time of the latent period noise, 199 + 1.5 msec) and least with 
of the visuomotor response to a 


light stimulus after the cffect the maximum of eound energy at a frequency 
of 2 medium-frequeney uckse of of 305 Hz (before the noise, 178 t+ i.4; 


pride ape begins of sound 2fter the noise, 190 + 1.6 maec). After 


energy at frequency: 1 -— 300 Hzj being exposed to noise with an intensity /161 


2 — 500 Hz; 3 — 700 Hz. 
Horizontally —- level of intensity level of 80 dB for an hour, the latent 


noise; vertically — change in period of the visuomotor response 
the intensity (a) and time of the 
latent period of the response . 
(b) in relation to the pre-noise with the maximum of sound energy at a 
level. 


lengthened. It was also most pronounced 


frequency of 700 Hz (before the noise, 
175 + 1.5 msec; after the noise, 187 + 1.4 msec) and least at a frequnecy of 300 He 
(before the noise, 177 + 1.4 msec; after the noise, 184 + 1.7 msec). Noise with 
an intensity level 70 dB reduced the force of the effector response, with the sound 


energy maximum at “requencies of 300, 500 and 700 Hz corresponding to 4.0, 14.5 
and 17.9%. 


The latent period of tho visuomotor response to a strong stimulus afte: the 
effect of noise with a maximum sound energy in frequencies of 500 and 700 Hz 
increased correspondingly 5 meec (before noise, 177 + 1.5 msec; after noise, 

182 + 2.0 msec) and & msec (176 + 1.4 and 184 1.5 msec). 


The severity of changes in the intensity and time of the latent period of 
the visuomotor response to a weak stimulus was found to be in direct correlation 
with ite changes for a strong stimulus. 

Studying the effect of octave noise bands on the functional state of the 


central nervous system, S. V. Alekseyev fcund that the most pronounced changes in 

the force of the effector response were with 90 dB noise. In particular, after 162 
the effecc of the 300-600 Hz octave band a 27% reduction wae noted; 40.32% after 

600-1200 Hz, and 42.32% after 1200-2400 Hz. After noise with an intensity of 

80 dB, the most pronounced changes also appear with the effect cf the 1200-2400 

Az band, Intensities of the effector response are reduced 32.1%. Noise with an 
intensity of 70 dB reduced the force of the reaction after exposure to the 300-600 

Hz band 8.5%, 15.4% after 600-1200 Hz, and 19.52% after 1200-2400 Hz. 


The results of a study of the latent period of the visuomotor respcense, 
analyzed by ©, V. Alekseyev, showed that the degree of chauges also depends on the 
intensity and the frequency composition of the noise. Thus, the most pronounced 
changes ure noted during the effect of noise in the 1200-2400 Hz octave band and 
an intensity level of 90 dB; the latent period of the visuomotor response to a 
strong light in this case increased ty 11.6%. The latent period of the visuo- 
motor response to a strong light efter the effect of 70 8 uolse leaginened 1.34 
under the effect of octave noise in the 300-600 Hz band (statistically unreliable), 
3% after 600-1200 Hz , and 4.8% after 1200-2400 Hz. In studying the intensity 
and time of the latent period of the visuomotor response to a weak light, it 
was discovered that their changes after noise are similar to data obtained in 
studying the visuomotor response to a strong stimulus. The effect of an hour's 
expozure to octave bands of noise also caused a reduction of normal force 
ratios, whose severity depended on parameters of the noise (Table 30). 


Research studying the effect of noise of various octave bands on the nervous 
system of man was c »nducted by T. A. Orlova (1965). 


The author studied the effect on the functional state of the central nervous 
system of individual octave banda of noise and total wide-band noise with levels 
corresponding to tne maximum permissible curve with an index of 85. Twenty 
obviously healthy voung subjects spent 2-3 hours in an acoustic chamber. Under the 
effect of wide-band PS-85 noise, in all those examined in the first signal system 
the disparity between the physical force of the conditioned signal and the respond- 
ing couditioned reflex motor response increas:d: before the effect of noise, 
phases of rormal ratios were pronounced in 75% of teste conducted, and compensatory 
and paradoxical phases, i.e., inadequate reactions — in 25% of the tests. After the 
noise, the number of inadequate reactions doubled end reached 50%. The latter, in 
the opinion of the author, indicates that. 2 hours of noise causes protective 


TABLE 30 


FREQUENCY OF DEVIATIONS FROM NORMAL FORCE RATIOS IN REACTIONS TO LIGHT 
AND SOUND STIMULI UNDER THE EFFFCT OF OCTAVE NOISE BANDS* 


Before exposure to noise After exposure to noise £163. 


Intensity 


Octave flevel of Reactions to light and sound {Reactions to light and sound 
band, noise normal 
Rz dB Total 
numbet ec : 
360 328 85,5 
300-600 30 RA) 85,5 
Kr) 328 87.7 
250 326 82,2 
600— 1200 360 wo 53,8 
360 304 FA Hy BU.i 
90 360 326 91,0 360 284 76.8 
1200-2400 80 360 326 %1,0 360 296 82,2 
70 360 328 9°! 360 310 a1 


*Commas represent decimal poants. 


4nhibition in the cerebral cortex. More severe_shifte in the dynamics of higher 
nervous activity were observed in the subjects: in 50%, the contracting 

ability of the cerebral cort2x was weakened; in 30%, difficulty was noted in 
making an inhibited connection, in 20% — in making a positive one. In 30% of 
those examined, a ifsturbance waa n-ted in the mobility of nerve processes, mostly 


intensification of irertia of the stimulation process. 


On the basis of experimenta and industrial research, it can be concluded that 
wide-band uoise with PS-85 leveis causesunfavorable shifts in the organism. 


As was noted earlier, unlike stable noise, the effect on the organism of 
impulse noise is determined by specific time parameters, as well ag intensity 
and epectral composition. 


The research conducted by G. A. Suvorov (1968) with an irpulee sequence 
from 0.5 to 25.0 per second (average intensity 80 dB, 1:1 ratio of ‘ength to pause) 


showed that the severity and character of the shifta in the central nervous system 
clearly depend on the pulse repetition rate. Noise with low (0.5-1 Hz) and high 
(about 15 Hz) pulse repetition rates causes greater shifts than stable noise which is 
equal in energy and loudness. Significant changes are observed at a recurrence rate 
of 0.5 pps with a 1000 msec interval between the pulses, when a decrease of 39.1% is 
noted in the force of the effector response of t’ e visuomotor response, an increase 
of 25.0% in its latent period, 13% reduction in the number of nornal force ratios 


(paradoxical phases) and concentration of attention. 


Increase of the pulse recurrence frequency to 3.4 pps and then to 8.4 per 
second causes a cefinitely weakened unfavorable effect of noise, These changes in 
the physiological functions of the organism, and primarily in the central nervous 
system, the author att: ‘Sutes to the central mechanism of infrequent sound stimuli. 
With increase of the pulse recurrence frequency, this mechanism loses its importance 


li the j dilusgenesisa of these changes. 


With a recurrence frequency of 16.7 pps (30 minute interval between pulses 
[sic}) changes become very pronounced; however, in higher nervous activity, the shifts 
are leso important than during infrequent estimations. In this connection, it was 
of interest to determine the threshold pulse frequency, at which the effect on the 
organism of noise pulses does not differ from stable noise of equal energy. A study 
of the effect of pulee noise with a frequency of 6.7, 25.0, 30.0, 33.4 per second 
(average intensity 80 dB, 1:1 ratio of length to pause) on the functional state of 
the central nervous system showed that, during the influence cf pulse noise with 
a frequency of 16.7 pps, a reduction of 19.9% ie noted in the intensity of the react- 
fon to strong light stimuli, and a 19.42% lengthining of the latent periud of the 
response. Disturbed force ratios usually appear in the form of compensatory phases. 


The numver of normal force ratios is reduced 13.42. 


Lese pronounced changes are caused by noise with a pulse frequency of 25.0 per 
second; when the intensity of the response ia reduced 17.72%, the latent period in- 
créases 16.12, and the number of normal force ratios ia reduced 13.42%. 


Less pronounced changes are caused by noise with a pulse frequency of 25.0 per sec- 
ond; when the intensity of che response fe reduced 17.7%, the latent period is in- 
creased 16.12%, and the number of normal force ratios is reduced 10.5% (sic). With 
the subsequent increase of the recurrence frequency to 30 pps, the effect of 
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noise on the central nervous wystem becomes identical to that of stable noise; 

no reliable tendency toward weakening the effect of pulse noise is noted with 

a further increase of the pulse frequency to 33.4 per second. Thue, the intensity 

of the effector response of the reaction is reduced 16.8% under the effect of noise 

with a frequency of 30 cps, and 17.0% with noise of 33.4 pps. The latent 

period of the response is lengthened 11.9 and 10.5% respectively, but the number /165 
of normal force ratios is reduced 9.1 and 8.8% (Table 31). 


Pulse recurrence frequency is closely connected with duration; this is the 
basig for studying the effect on the organism of noise, depending on the duration 
of pulses. 


The research of G. A. Suvorov suggests that not only auditory perception, 
but the effect of the biological activity of brief pulses lasting 100-200 msec 
is also proportional to their energy. 


Thus, reducing the length of pulses from 100 to 10 msec (frequency recurrence 
0.5 :pps, maintaining their average intensity of 77 dB) does not reduce the 
activity of the noise stimulus. The effect of noise is expressed by the reduction 
of the latent period of the visuomotor response by 20.5 msec, and a decrease of 
15.4 relative units in its intensity and 10.3% in the number of normal force rrzios. 
Only when the length of pulses is increased to 1000 msec ie the severity of the 
effect of noise on the organism markedly incrersed (Table 32). 


From this, it can be concluded that: the shorter the signal or sound pulse 
in a range from several milliseconds to 2-3 seconds, the greater must be the level of 
its iatensity so that it may be heard or cause a biological effect. Thus, a 
noise pulse iasting 1 msec must be heard at 22-24 dB in comparison with a signal 
lasting 1 second. Rapid, frequently recurring emissions of sound pressure (of 
moderate intensity) are not particularly important for calculating the integral 
properties of the human "auditory" analysor, ca they are perceived as fused. 
This is because the auriitory sensation, as well as the biological effect of short 

pulses, is proportional to their energy. These data can serve as a basis for 167 

establishing a definite integration constant in anelyzii:g unstable noise. Too high 
an integration value can hide from the researcher steep drops of sound pressure, 
which, in many respects, determine the biological effect of unstable noise. On the 
other hand, a very short integration time can complicate the picture of the noise 
process. In this case, emissions or fluctuaticns appear in the envelope which are 


TABLE 31 


FREQUENCY OF DEVIATIONS FROM NORMAL FORCE RATIOS IN REACTIONS TO LIGHT 
AND SOUND STIMULI UNDER THE EFFECT OF PULSE AND STABLE NOISES* 


Before exposure to noise After exposure to noise 


Noise with total total 

average intensity reaction reaction 

of 80 dB, to light to light ; normal 

€ pulse of 83 dB). and sound 

Frequency pps 
16,7 360 328 360 280 
25,0 360 326 360 268 
30,0 360 324 360 25 
33,4 360 330 360 205 

Stable white noise 

below 80 dB | bia | ss | ' | aa | 7 


*Commas represent decimal points. 


not essential, as they are perceived as fused. Such attempts have already been 
made; Niese (1963) suggested an integration constant of 23 msec. True, the author 
equates pulse noises with stable ones in subjectively evaluating their loudness, 
‘which, of course, still does not indicate the biological effect with concealed 
drops of the envelope. 


Ye. Te. Andreyeva-Galanina and €. A, Suvorov (1968) think it is possible, on 
the basis of literature data and their own data, to establish a time constant of 
integration, and they suggest using the averaging time of 10 msec as the 
interval. The selection of a definite constant as the averaging interval to express 
instantaneous power, i.e. the inet.antaneous mean square value of sound pressure, 
is dictated by the necessity to preserve only the most essential character- 
istics of the time structure of the noise, important from the point of view of 
auditory perception and the effect ot unstable noise on the organism. 


In studying the effeci of {mpulse noise on the human Organiem, it is 
important to consider the role of the leading edge of pulse rise. The research 
conducted by G. A. Suvorov showed that the biological effect of pulse noise 
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on the organism is also in direct relation to the pulse time; as this time increases, 


the activity of the pulse noise decreases. When the pulse time increases from 10 
to 120 msec, the noise affecting the organism (with a frequency of 0.5 per second 


lasting 1000 msec, average intensity 80 dB} declines to 100 msec. 


Research has shown that, if noise with t = 10 msec causes significant dev- 
lations in the functional state of the central nervous system, with increased 
pulse time (1) the changes become less pronounced. Prise noise with 
t = 60 msec lengthens the reaction time 32.3 msec and reduces its intensity 
22.4 rel. unils: noise with t = 80 msec is reduced 23.6 msec and 18.5 rel. units, 
and with t = 100 msec — to 17.8 msec and 16.1 rel. units, respectively. When the 
pulse time is lengthened, the number of normal force ratios increagzes, 
and disturbances appear exclusively in the form of compensatory phases. Only a 
further increase of the time to 120 msec does not markedly weaken the activity 
of the sound stimulus. The shifts observed are practically equivalent, as with a 
pulse time of 100 msec. (Lengthening the reaction rate 18.8 msec and 
reducing its intensity 15.2 rel. units). The slight difference in changes is 
statistically not reliable (P > 2). In this case comparing fulse noise with 
stable noise showed the identical effect of this kind of noise on the organism. 


To evaluate the effect of stable noise with sound pressure levels of 100 and 
85 dB end maximum sound energy in the medium frequency range, B. D. Zeygel'shefer 
(1968) used integral methods to Study the condition of animals, enabiing him to 
detect the presence of certain :ndesirable shifts in the organism, independent of 
the point of application of the harmful factor. The author studied the effect of 
noise with these parameters in an experiment on animals (mice, rats) iasting 4 


and 8 weeks. The ability of the central nervous system to sum subliminal pulses 


/168 


in experimental animals of the test groups at the beginning stages of the experiment . 


was significantly reduced; the values of the summation-threshold index STI rose 
(Figure 51). These changes are evidently the result of developing inhibition in 


the central nervous system of the test animals. The author considers this 


condition as the first phase, connected with reduced excitability. As the experiment 


coatinues, STI falla sharply, which indicates an increase in the ability of the 
central nervous system to sum subliminal pulses. This, in turn, implies in- 

creased excicability of the central nervous system of the animals — the second 
phase. Phasx. changes of the functional state of the central nervcus system are 


also confirmed hy behavioral reactions of the test animals. Im the sirst week of 


ay " 
~ 
| se 72 
UH" 
OU ee 
; f 2 3 4 
Weekes of experiment Weeks of experiment 
Pigure 51. Changes in the Figure 52, Changes in the weight 
summation-th>2shold index under of animals under the effect of 
the effect of noise (100 dB). noise with an intensity of 100 dB. 
1 ~— contro! group; 2 — 1 — control grour, < — weight of 
STI of animals subjected to noise. animals during 4 weeks of noise. 


the experiment, ¢n.: animals congregated confusedly in the corner of the chamber. 


This behavior has an adaptive sienifirenre, se it partially insulates the animals 
from the effecti-2 noise. Anotier reaction is also often observed — stiffening 


and reduction of i>e motor activity of the animals, sleepiness. Later during the 
teats their activiry increases: the animals jump around, they fight with each 
other, they become agressive not onl:' during the experiment, but afterward. The 
relation between the expression of changes in the integral indices of the fumctional 
state of the central nervous syst<m of the test animals and their behavioral re- 


actions is directly dependent on rhe intensity level of the effective noise. 


It is interesting to considec some data obtained by B. D. Zaygel'shefer £169 
in studying the effect of stable noise with an intensity level of 100 and 85 dB on 
the organism of test animals. The author has established that the weight gain of 
animals subjected to the effect »2f stable noise of these ypirameters, with high 
reliability, lagged behind these indices in the group of contro! animals, both 
at the beginning stages of the experiment and at the end. These changes iu weight 
evidently indical.e disturbed exchenge in the test group of animals. It is interesting 
to note that the oxygen consumption of the mimals in these groups was in direct 
relation to changes in their weight (Figure 52), which is also verified by 


other researchers (V. N. Vorontsov, 1968). 


The results obrained in a study of the time needed to recover the ability of 
linear forward movement in mice subjected to the effect of stable noise with an 
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intensity level of 100 dB revealed a relieble increase in this index in comparison 

with the group of control animals. The fact that restoration of the ability of 

linear forward movement was longest in animals subjected to the effect of stable 

noise, in the opir'on of the author, can be explained by the specifi-. offect of 

noise on the vestibular epparatus. The latter is verified in the works of other 

authors (Bugard et al., 1953; A. M. Volkov, 1958, and others). Békésy (1929, 1957) 
showed that when an intense increasing noise is fed through earphones, dizziness 

appears and the illusory movement of visible objects in space. He attributes chis 

to the immediate effect of stimulation not only sn the auditory, but also on the 
vestibular apparatus. In 1927, V. I. Voyachek interpreted this phenomeron as /170 


irradiation — the"jumping"of stimulation from the auditory nerve to the vestibular. 


It is known that the development of medical science is inseparably cuntected 
with significant achievements in one of its branches — electrophysiology. ‘t is 
natural that this met:hod also found application in the study of changes in the 
activity of the nervous system during the effect of a noise stimulus, However, 
iictie research has been conducted in this direction, and the data are often 


contradictory. 


N. M. Aspisov (1948) used electroencephalography to diagnose disease in the 
organ of hearing in contusion victioms. In his opinion, the deafness of contusion 
victims is related to severe central damage to the brain stem and cortex. No 
response reaction to sound stimulation was observed on the FEG of those suffering 
deafness from contusion, while in those with normal hearing the response reaction 
was clearly expressed 33 a depression of alpha waves. The author points out that 
in deaf mutes with remants of hearing the electroencephalogram accurately deter- 
mined the limits and deficiencii:s of auditory capacity. He attributes great 
diagnostic value to this method in the objective study of hearing, as well as in 
differential diagnosis of diseases of the auditory fields of the cortex and the 


auditory receptor. 


Interesting data have been obtained by Bugard (1955, 1958) in studies conducted 
on humans and animals subjected to a pcwerful noise stimulus. Using rabbits as 
the experimental object (with cortical electrodes), subjected to a 130 df sound 
for 4 hours, the author showed that in response to actuaticn of the stimulus a 
reactica of desynchronization appears on the EEG, which yields to a slow rhythm with 
increased amplitude and the appearance of peak activity. But Bugard aino points 
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out the lack of a direct camection b«tweos thi: effect and tle cheracter of changes 
detected in EEG tracings. In examining pecple who 7%. ve worked ir. noisy conditions 
for several. years, the author found flat slect oence»halograms, nearly deprived of 


alpha activity; the percentage of flat veccrdings in-vensed with work experience. 


Dennier (1959) turned his attention to individual traits of the organism 
which are important in the response reaction to noise. ‘he author indicates that 
the reaction to the effect of noise on the EEG of one subject was shown in the 
appearance of slow waves and flattening of the curve in propsrtion to the increased 
length of the effect, and in another — by increased frequency of waves and increased 
voltage, 


I. Dimov, K. Kiryakov and I. Machev (1960) found in boilermakera, whose work jag 
1 
is accompanied by noise with an intensity above 100 dB, low-amplitude EEG activity —~——— 


with a predominance of delta and theta rhythms in the tracing. 


The functional state of the central nervous system and the working capacity 
of ran can be evaluated not only by the character ard properties of reflexes, but 
also by the character and properties of bioelectric activity. This method was used 
in the research of A. M. Volkov, M. G. Babadzhanyan, Ye. I Kostina (1957), Ya. A. 
Altman (1960), A. M. Volkov (1961), K. Kiryakov (1964), and others, 


K. Kiryakov (1964) examined 32 trein dispatchers, 14 radivotelegraphers end 
21 telephone operators, whose places of work were characte ized by industrial noise 
from the equipment and speech which varied from 48 to 62 JB. The author established 
that people in these occupations revesled significant disturbances in the neuro- 
dynamics of cortical processes which are reflected in the bioelectric activity of 
the brain and at the same time appear as general functionel changes in the organism. 
This, in the opinion of K. Kiryakov, resulted from the development of an inhibitory 
Procers in the central nervous system. The author feels that changes recorded in 
bioelectric activity of the brain can be used as criteria for evaluating deep 
functional disturbances in higher nervous activity during the effect of noise. 


L. Ye. Milkov (1963a), E. A. Drogichina, L. Ye. MIlkov, and D. A. Ginzburg 
(1965) studied the reaction to the 30 minute effect of nigh-frequency noise 
(110 dB, with frequency maximuwa of 1200, 1600, 4000, 6300 Hz) in groups of workers: 
those who had been aubjected to the effect of industrial noise for a long time and 
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those not adapted to noise. EEG, EKG, and PG were recorded in the subjects, the 
critical frequency of “sound bursts", the orthostatic reflex, the Aschner-Daninini 
reflex and dermographism were determined. The authors found pronounced changes in 
all functions studied in both groups. The important role of individual sensitivity 
is emphasized (in some, a heightened reaction was observed and even intolerance 

of the sound stimulus; in other cases, unpleasant sensations were protracted). The 
reaction of the nervous system to noise, in the opinion of the authors, is character- 
ized by a reduction in the functional mobility of the acoustic analysor and the 
appearance of synchronization (aggravation of aipha rhythm and the appearance of 

slow waves) on the electroencephalogram. The character of changes in the bioelectric 
activity of the brain, developing under the influence of noise, implies that 

they are connected with weakening of the activating effects of the reticular formation 


on the cerebral cortex. 


Increased vibration frequency, decreased amplitude and the disappearance of 
synchronized slow rhythzs fscm the traciug were aiso noted on the EKG of rata — 
(Paleg, Angeleri, 1958). 


A. B. Strakhov (1964, 1965), in a series of studies on humane and animals, 
determined significant changes in the activity of the central nervous system during 
influence of high-frequency noise (90-96 dB, with maxitum of sound energy in 
frequencies of 1500-3000 Hz). The author found that change in the bioelectric 
activity of the brain under the influence of noise occurs in stages: synchronized 
activity develops following the appearance of desynchronization. Against a back- 
ground of noise, three stages in the course of conditioned-reflex activity were 
observed: depression, intenstfication in comparison with the first values and new, 
deeper and more prolonged depression. In people under the effect of noise the 
author found a pronounced det-ression of alpha rhythm as the test progressed. 
Preservation of these changes was also in direct relation to the length of the 
experiment. The author feels that the effects he observed are connected with 
nh change in the functional state of the reticular formation of the brain stem, which 
progresses in proportion to the. noise effect. 


Aralogous changes were detected by A. M. Volkov (1958, 1961, 1963) in studying 
bicelectric activity in locomotive engineers. He showed that noise with an intensity 
of 75 dB causes depression of alpha rhythm in passenger car personnel, and the 
more intense noise of locomotives (over 9C dB) leads to still greater depression 
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of alpha rhythm. The author points out that physiological shifts are increased 
with the combined effect of noise and vibration. 


Apostolov (1968a, b) analyzed the electroencephalographic reaction of awaken- 
ing in the cortex of the large hemispheres of a rabbit which develops in response 
to the repeated presentation of an unreinforced sound stimulus (200-400Hz). In 
proportion to the length of the experiment, desynchronized activity was replaced 
by synchronized fiuctuations with a frequency of 5-7 Hz in the front sensory-motor 
area; in the posterior part of che parietalarea of the brain synchronized rhythms 
remained less pronounced. The author feels that the phenomenon of an altered 
form of response to a repeatedly-experienced unreinforced stimulus must be taken 
into consideration in analyzing shifte in the electroencephalogram which are 


observed during the course of studying conditioned-reflex activity. 


Extremely interesting is the research of Saito (1964a,b) studying the effect 
of white and octave bands of noise (75-150, 300-600, 1200-2400. 4800-94600 Hz from 
a sound generator with three stagea of intensity — 90, 70 and 50 dB) on healthy 
males aged 20-30 years. The experiment was conducted in a chamber with minute 
exposute to noise. EEG from only the left occipital area, galvanic-skin reaction 


— 
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and respiration were recorded, The dependence of parameters of the effective 
noise stimulus on specific components of the background EEG were shown, 


Similar resulte were obtained by Sujuki, Toratani et al., (1958); they 
atudied the effect of pure tones of 500, 1000, 4000 and 6000 Hz and noise on the 
bioelectric activity of thc brain. They showed that,when the intensity of noise 


is increased, ..\ increasin;; number of changes is observed on the electroencephalogram. 


I. Ya. Borshchevrkiy and E. V. Lapayev (1965) conducted studies on 15 subjects 
placed in a soundproof chamber, supplied with jet engine noise recorded on 
magnetic tape. They studied the eff2ct of aviation noise with an intensity of 
100-102, 110-112, 118-120 dB, lasting 1.3 and 6 hours. They determined the activity 
of the cardio-vascular system, the condition of acoustic and visual analysors, 
changes in the central nervous system by proofreading tables and arithmetic teste, the 
functional state of higher autonomic centers by plethysmography; EEG was recorded 
in the frontal parietal area. It was establishe2 that the one-time effect of 
airplane noise with an intensity of 110-112 dB for 1 and 3 hours and noise with an 
intensity of 100-102 dB for 6 hours does not cause marked changes in the acoustic 
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analysor or in other functional systems of the organism. After the effect of 
110-112 dB and 120 dB noise for 6 hours, in the majority of cases an increase in 
integral values of low frequency vibrations was noted on the EEG. The authors 
feel that such changes in the bioelectric activity indicate that the cerebral 
cortex is changing to a new level of functioning because of the development of 


an inhibitory procesa. 


Fusko, D'Amoto, Collucci, and Fimiani (1965) studied the effect of noises 
and sounds on the bioelectric activity of the human brain. They simultaneously 
recorded a cerebral and peripheral rheogram. The study was conducted on 20 
subjects, of which 10 were subjected to the effect of a pure tone of 400 Hz and 
intensity of 100 dB for 15 seconds. The EEG of these persons showed a pronounced 
reaction of interrupted alpha rhythm, which disappeared before the end of the 
sound effect. Desynchronization was noted on the EEG of the other 10 subjects who 
were subjected to the effect of "industrial" noise with an intensity of 100 dB 
for 30 minutes. The combination of changes observed in the bloslectrie activity 
of the brain and the central and peripheral rheogram led the authors to conclude 
that noiees have a direct effect on the vsoomotor cci:ters ef the brain. A114 

Several works deal with the effect of a sound stimulus on the bioelectric 
activity of various sections of the central nervous system of animale. 


0. V. Berzilova, ¥. F. Mostun and G. N. Erdman (1962) studied the effect 
of rhythmical sound stimuli on the biopotentials of the auditory section of the 
cortex and subcortical structures of dogs. After repeated application of a sound 
effect, theta waves developed in the reticular structures of the hrain which began 
to appear in the structures of the auditory tract as well ee in the area of the 
cortical section of the acoustic analysor in proportion to the length of the test. 


Experimental research has shown that auditory stimulation can lead to motor 
responses of the spinal cord. Stimulation of the auditory apparatus of the right 
ear (the left inner ear was destrcyed) with equivelent sound clicks on intact cats, 
narcoti:ed with chloralose and decerebrized, caused the appearance of reflex 
electr.° discharges in the auterior roots of cervical, thoracic, lumbar and sacral 
segments. On the basis of this stucy, the authors conclude that suditory stimulations 
of pctojection pathways of the uuditory receptor alone are able t') activate under 
certain circumstances, the system of net-like newwons, which is the source of 
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descending pulses. They in turm stimulate motoneurons of motor nuclei in various 
segments of both sides of the spinal cord. Cutting the spinal cord in half at 
level C did not, with respect to the sound stiwulus, cause any changes in the 
cheracter of reflex electric discharges from the anterior roots of lumbar 


segments, 


The authors suggest that descending pathways of the acoustic spinal reflex 
are a partially diffuse: projection system of the spinal cord and participate in 


the vesponse reaction of the central nervous system to sound stimulation, 


There is a large number of worke /S. N. Gol'burt, 1964; N, N. Vasilevskiy, 1968, 
end others) which present electrophysiological studies with macro- and micro- 
electrodes of various sections of the auditory tract using various acoustic stimuli. 
Thies ie also dealt with in the works of G. V. Gershimi (1962, 1964) on electric 
responses of the auditory tract, and Ye. A. Rodionova (1965) on a study of responses 


’ 
of isolated neuronaof tha auditery tract. 


A great deal of factual material has now been accumulated (Ya. A. Al‘tman 
and A. M. Maruceva, 1949; G. V. Gerehuni, 1965; G. V. Zaboyeva, 1962, end others) 
which indicates that total electric responses of various sections of the auditory 
cyatem reflect the starting moment of the effect of sound stimu).ation. {115 


G. B. Gershuni (1965) also posed the question of using the reaccions to 
sound on the EEG to study hearing (so-called cbjective audiometry). EEG reactions 
to sound sre used to deteursine thresholds of the sound frequency curve (audiometry 
by EEG changee) in man. V. A. Kozhevnikov and A. M. Maruseva (1949) determined 
eublizjinal subsensory reacti:ms to sound. 


There are isolated studiea ..aling with changes in the bioelectric activity 
of dep sections and the cortex of the human brain during sound stimulations (N. P. 
Bekhtereva, K. V. Grachev, R. Gombi, 1963; t:. Gowbi, 1964; Walter, 1969, 1966; 
V. Ye. Mayorchik, 1964; N. P. Bekhtereva, 1965, 1966, 1967, and others). 


R. Gonbi (1464), st:dying the parameters, dynamics and nature of electric 
effects of sound stimulations in various deep bra’.1 st=uctures of people suffering 
from hyperkinesis and eptispsy, recorded induced ncnspe..fic reactions of the 
secondary response type, desyachronization and synchronization of biopotentials, 
the reproduction and retention of a stimulating rhythm in response to single ani 
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rhythmic sound stimulations. The parameters of electric effects depend on the 
functional state of the subject, background bioelectric activity, and the puara- 


meters of the applied sound stimulue. 


Summarieing this data, it can be conciz‘ed vec pathological ehifts developing 
under the influence of noise depend on its irtensity, length of effect, initial 
functional estate of the centrai nervous system, individual. sensitivity, and 


attendant industrial and every-day factors. 


We must point out the high sensitivity of the central nervous syster to noise. 
Changes in the functional estate of the central nervous system, accerding to the 
data of the majority of authors, appear earlier and even at noise levels which do 


not yet disturb the sharpnegs «f auditory sensitivity. 


A study of the reactions of the central nervous system to noise begina vith 
eatablishing the character of the background bioelectric activity of individual 
nerve structures of the brain of animals. To avoid changes in bioelectric activity 
caused by the effect of experimenta) conditions, the recording was begun 30-60 
minutes after placing the animal in the chamber. (176 


The backgraun. bioelectric activity of the brain of rabbits has been stucied 
by a number of authors (M. N. Livanov, 1360; V. 1. Gusel'nikov, A. Ya. Supin, 1968, 
and others). 


A distinctive feature of the background electric activity of the brain of 
a rabbit ie its polyrhythmic character, which essertially distinguishes it from 
the EEG of cats, monkeys and man, which are characterized by a predcminant rhythm 
in a state of rest. A study of the EEG of various sections of the brain verifies 
that they can reveal traits characteristic of individual areas of the brain. 


The amplitude of biopotentialse of the brain in the tesave of A. V. Kadyekin 
varied between 80-90 nv. EEG of the corvical area has a pronounced polyrhythmical 
charactzr, i.e., it ie composed of fluctuations of va.izing frequency. These 


fluctuations cover a frequency range from 2 to 45 Hz. TFluctuationa of 30-40 Hz have 


little intensity and are encountered rarely, but those lying between 12-15 Hz, 
related to spindles, are more pronounced. The next range includes fluctuations 
with a frequency of 5-8 Hz, which are related to the so-called "basic" rhythm of 

a rabbit. And, finally, potentials with a frequency of 2-3 Hz are also encountered 
here; chese usuaily have considerable amplitude, and to a large degree affect the 


general intensity of electric fluctuationa. 


The biopotential tracing of the sensory-motor area hac a number of character- 
istics to compare with the electrogram of the cervical zone. Firstly, the EEG 
of the sensory-motor area often lacks basic rhythm fluctuations, and if they are 
encountered, they are very weak. Secondly, slow fluctuations (5-6 Hz) are very 
Pronounced here. Thirdly, spindles are seen in the electrogram of the sensory~ 
Motor zone more often and are much more pronounced: and, finally, fourthly, a 
significant number of high-frequency fluctuations (over 50 Hz) are somtimes noted 
in the biopotentials of the senvory-motor area, revealing a tendency toward grouping 


in the form of spindles. 


In studying the bioelectric activity of the auditory zone of the cortex, it 
was shown that basic rhythm fluctuations which are well distinguished «re most 
often encountered in this zone. With regard to other fluctuations, potential» 
with a frequency of 10-15 Hz are more vronounced, alternating with infrequent 
(5-8 Hz) or more frequent ones (20-25 Hz); the amplitude of fluctuations, as a 
rule, is not great. 


The background rhythm of the cortex ig a very dynamic picture. The bioelectric 
pattern of the cerebral cortex during long observations of rabbits in a scate of 
rest is repeated periodically, Different variations appear in each repetition 
which are connected vith an increase or decreane of amplitude or frequency, with st 
slight chanze in the potentials of a certain zone, but basically the course and 
character of the activity remain constant for a comparatively long time. But, 
remaining stable for several seconds cr minutes, the pattern of hiocelectric activity 
suddanly or gradually "ewitches” again. Often unusual switchinge of activity can 
ba observed from the cervical to the frontal ereas of the hemisphere and back. 

This becomes apparent in that the more or less pronounced increased activity of 
anterior areas of the brain leads to the simultaneous development of depressinn 
of activity, 1.4., reducad amplitude of potentiala without change of frequency 
in the cervical zones. Thus, reciprocal ratiou appear in the background bj.o- 


electrical activity of the cereb:a! cortex of rabbita between sections of the 
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hemispheres, which reveels a close interrelation in their activity. I. P. Pavlov 
(1951) has written: "If, from one point of view, the cortex of the large hemispheres 
can ba considered as a mosaic of an innumerable masa of individual pointe with 

a certain physiological role at a given moment, then, from another point of view 

we see in it a complex dynamic system, constantly striving fer wmification 
(integration) tryiug to stereotype unified activity.” 


Studying the important role cf tie cortex of the large hemiepheres in the 
process of higher nervous activity, I. P. Pavlov also constantly euphasized the 
interconnection and interaction of the cortex and subcortical sections of the 
nervous system. I. P. Pavlov (1951) noted that subcortical centers to a greater 
or lesser degree determine the active state of the large hemispheres and thus 


variously change the relationship of the organism to the mediun. 


means of obtaining the most accurate and complete information about the character 

of bioelectric phenomena of vacious subcortical etructures. We must note that 

the character of background electric activity in frequency, and especially in 
amplitude was not the same in the electrogram (2G) of various sections of the 
reticulur formation. Thus, waves with a frequency of 5-7 per secoad are moet 

typical of the electrogram of the reticular formation of the poas varolii, while 

the electricel activity of the reticular formation of the mesencephalon fundamentally 
resembles the EG of the optic area. However, the basic rhythm fluctuationa are 

more pronounced here than in the optic area, and the fluctuations of other frequency 


Yanges, on the contrary, are less pronounced. 


Concerning the basic background of electrical activity of nonspecific nuclei 
of the thalamus, their characteristics sre dominated by basic rhythm fluctuations 
with a somewhat lower amplitude on whick faster oscillations with a frequency (178 
of 8-15 per second are usually superimposed. 
The bloelectric activity of the lateral nuclei of the thalamus is seen in 
the form of fluctuations of small amplitude with a frequency of 6-8 per second, 
often alternating with more frequent fluctuations. 


Studying the minimum fluctuatic.a of electric currents of the brain at rest 
enablec the regearchers to determine waves which are potentials of brain tiesue 


and fluctuations which develop in the brain as a result of the effect of internal 


stimuli on the afferent systems. For the firat, the name “spontaneous fluctuations" 
has been adopted and for the second, developing as a result of stimulations of affer- 
ent systems — "induced potentials." However, it must be pointed out that these 
names are arbitrary, as Spontaneous electric activity js the result of the constant 
effect of minimum stimuli of the external and internal environment which create con- 


ditions for a state of wakefulness of the entire organism. 


There are a number of studies which convincingly show that a sound stimulus in a 
number of cases can change from indifferent to pathogenic, leading to pathophysiologi- 
cal, clinical, and morphological disturbances. It might be expected that this complex 
of disorders, developing during noise, is reflected in the bioelectric pattern, which 
is a reflection of the functional state of the central nervous system. “or greater 
objectivity in evaluating the effect of noise on bioelectric activity of brain struc- 
tures, A. V. Kadyskin conducted a study and statistics” analysis of parameters of the 
electrical activity of the brain of rabbits. In his seatch, the euthor dynamically 
studied the changes which appear in the bioelectric .ctivity of various structures of 
the cortical and subcortical level of the brain, as well .8 “behavioral” and several 
autonomic reactions of the animals for 36 days under the influence of wide-band 
atable noise with an intensity level of 120 and 90 dB. We must note that the reaction 
to actuation was different in both groups of animals; this, of course, the author 
attributes to differences in the force characteristics of the noise (group I — noise 
of 120 dB; II -— 90 dB>. 


The noise was actuated simultaneously with recording the bioelectric act!vity of 
the brain. The animals in the first group (activation of 120 dB noivge) shuddered, 
they showed sharp motors agitation (running, jumping, etc). Then the rabbits began to 
“shake therselves," there appeared tic-like twitchings of the head, tremor, especially 
often encompassing the nuscles of the extremities. Involuntary defecation and urina- 
tion appeared in some animala. In proportion to the effect of the noise, the motor 179 
activity of the animals significantly decreased. They huddled in the corner of the ~ 
cege, pressing themaelves tightly against the bottor, assuming a passive pose. The 
rabbits “sort of faded away," after which a new stage of motor agitation began. Sub- 
sequently more and rore marked muscular weakening of the animals developed. They 


became very quiet, rarely changed their position, even rarely turning their head. 


We must note that in the second series of experiments, actuating a 90 dB noise, 
an orientating-investigating reflex eppeared in the animals (anitfing, looking around 
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etc.), preening novements, “washing,” licking their hair. No pronounced motor dia- 
turbances were noted. But in the majority of the rabbits in the first days of 

the tests a slightly expressed twitching of the chewing muscles could be ascertained, 
“shaking.” With rabbits in this group, such pronounced depression as with those 

of the first group was not noted. When the noise was deactivated, the animals also 
remained in a quiet state; however, when they were touched they expressed fright, 
flinching and in the first days of the experiment even agressiveness. The limpness 
of the first group was not found. The rabbits were more active, they accepted 

food right away. But by the 20-23rd day disappearance of fright could also be 
noted in them, limpness increased, drowsiness appeared more often, and when the 
noise was turned off the animals assumed a passive-defensive pose for a short 


time and then again became listless and sleepy. 


These behavioral reactions of the animals were observed by A. V. Kadyskin 
in the majority of animals with respect to the first aad second series of experiments. 
However, it must be pointed out that in both the first and in the second groups, 
there were animals whose reactions did not agree with those described above. Thus, 
in the first group, activating the noise caused a persistant passive-defensive 
reaction in two of the rabbits which dominated the behavior of the animal for a 
long time, and one rabbit evidenced complete “intolerance to noise, which caused 
so much agitated movement that it was impossible to record the electrogram and he 
was eliminated from further studies. Im the second group, every time the noise was 
activated one animal had a "desire" to come closer to the loud-speaker producing the 
noise. The behavior of the animals also indicated different reactions in both 
gcoups to the applied noise stimuli, which increased in prpportion to the length 
of the naise. 


On the basis of the results of the experiment, A. V. Kadyskin distinguished 
two phases in the "behavior" of the rabbits: first — an active phase (for the first /180 
group — 7-10 days, for the second — 15-18 days) and second — a continually 


prog-essing, passive phase. 
The "behavioral" reactions of the animals correspond to changes expressed in 
the electric activity of the cortex and subcortical structures of the brain, 


which probably indicated deep functional changes in the centras nervous system. 


When the noise was activated, an extremely typical reaction of the bioelectric 
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Figure 53. Bioelectric activity of brain structures with the 
activation of a wide-band stable noise with intensity of 120 dB. 


Cortex: 1— audLtory zone. 2 — cervical zone; subcortex: 
3 — reticular formation of mesencephalon. 4 — stimulation mark 
— activation of noise; 5 — time mark. 


activity of the brain was observed in both groups of experimental animals (Figure 53). 
First of all, there was a very pronounced reaction of desynchronization — 
synchronizec wave activity was replaced by less regular fluctuations of various 
length. <A similar electric activity was mcre clearly expressed in the cortical leads. 
In the reticular formation of the mesencephalon, pons and thalamus, a significant 
veduction in the amplitude of bioelectric potentiale was recorded. After brief de- 
synchronization, synchronized fluctuations of the basic rhythm with a frequency 

of 6-7 per second began to predominate in these structures, alternating with low 
amplitude fluctuations. The gcneralized chances produced in the background electric 
activity of the cortex and subcortical structures upon activation of an afferent 
stimulus, the noise, were set into a pattern designed in e.ectrophysiological 
literature as the arousal reaction. These changes indicate the nonspecific character 


of the response reaction of brain structures studied to the effect of a noise stimulus. 


At the present time, there is a considerable amount of accumulated material 
about the undoubted connection betveen geueralized changes in the bacxground rhythm /181 
and excitation of the reticular formation, Thia ie indicated primarily by the 
porphophysiological properties of the reticular formation of che stem which receives 
collaterals from all sensory afferent pathways and is diffusely connected with all 
sections of the cortex (Megun, 1965, and others). 


On the basis of a large amount of researci.. it can be stated that the accustic 


analysor along its entire length from the peripheral end to the cortical has a 
ab Ms , 


large number of complexly structured intermediate centers, as well as connections 
with other nonspecific structures of the brain (Galantos, 1959; Tsimerman, 1967, 
and others). 


Thus, generalized changes in the electrical activity of the brain, recorded by 
A. V. Kadyskin in both groups of animals during the effect of noise can evideatly 
be explained by the enriched collaterals between specific afferent pathways and the 
reticular formation which is very important in the development of generalized 
changes in the bioelectric pattern of the brain (P. K. Anokhin, 1962; Megun, 1965; 
Yu. S. Borodkin, 1967). 


We must note that the described electric activity of the cortex and subcurtical 
structures predominates in the clectruphysiological pattern of the first days of the 
experiment. In the cortical zone of the acoustic analysor, a clearly expressed 
reaction of desynchronization is strictly maintained; in the cervical area slow fluc- 
tuations often appear on which "spindles" with a frequency of 10-12 per second are 
superimposed. In these periods, bursts of frequent low-amplitude activity develop 
ia the sensory-motoc area. Bivelectric activity of the cerebral cortex also presents 
an extremeiy polymorphcus dynamic pattern, in which low-amplitude frequent fluctuations 
predominate. Slow theta-waves (5-7? fluctuations per second) also appear periodically 
in the sensory-motor area which are accompanied by pronounced desynchronization in 
the auditory zones of the cerebral cortex. However, at times these electric 
fluctuations suddenly gave way to general desvnchronization of all brain areas 
studied, lastirg from fractions of a second to several minutes. General desynchroni- 
zation, encompassing the structures of the cerebral cortex, developed periodically 
during the noise effect, but by the end of the noise exposure its length was 
significantly shortened, lasting fractions of a second. 


Changes in the functional state of the cerebral cortex, in the genesis of which 
the reticular formation plays an important role, in turn are able to decrease as 
well as increase the excitability of deep bcain structures by means of existing 
cortico-reticular effects. The author also observed an extremely varied electrographic 
pattern when the next noise effect was actuated. Pronounced depression of the back- /182 
ground rhythm develops in subcortical structures. A predominance of low-amplitude fre- 
quent fluctuations (reaction of desynchronization) is observed in the medial, ventral 
and lateral reticular miclei of the thalamus, the reticular formation of rhe 
mesenceptalon and the pons. Thus, generalized changes can be ascertained which 


indicate the general reaction of these brain structures to the effect of a noise 


stimulus. However, it must be pointed out that the severity and length of this 
reaction in various brain structures was different. Desynchronization disappeared 
successively first in the reticular formation of the mesencephalon and then in 
nonspecific nuclei of the thalamus. On the other hand, low-amplitude activity was 
maintained longer in the lateral nucleus of the thalamus und the reticular formation 
of the pons, alternating with the development of basic rhythm fluctuations. 

Then relatively long intervals of desynchronization in the cortex, especially in the 
auditory and sensory-motor areas (from 2 to 10-15 seconds, and sometimes up to 
several minutes), were ccmbined with brief recordings of faint depression of basic 
rhythm in the subcortical structures, which alternated with polyrhythmic electric 
activity with a significant reduction of potential amplitude in comparison with the 
background recording. 


The predominance of basic rhythm fluctuations in proportion to the effect of 
the noise in longer studies of electrograms of subcortical structures is ,oteworthy. 
This was especially pronounced in the reticular nuclei of =he thalamus and the 
reticular formation of the mesencephalon. More frequent fluctuations were also 


recorded in the subcortical zones, but they were relatively weak. 


A comparison of changes in the bioelectric activity of various levels of the 
brain in both series of experimental animals showed that basically they have the 
same direction, but a varying degree of expression. The electrical reactions of 
brain structures under the effect of noise with anintensity of 90 dB were shorter, 
more polymorphor.e and often alternated with EEG intervals which were very close to 


background recordings. 


The change in force characteristics of noise was one of the important method2- 
logical means used to evaluate the functtonal state of the central nervous system. 
Tests on the first days showed that more intense noise has a deeper effect on the 
bioelectric activity of these brain structures. The ratio between the force of the 
atinulus and the length of the reaction indicates the important role of functional 


properties of the brain structures inthe response reaction to noise. 


Observations of the dynamics of the cortex and subcortex enabled A. V. Kadyskin 
to find one more type of electrical activity in the first days which indicates, 
evidently, the development of pathological excitation. We are talking about the 


development and irradiation of high-voltage acute wave fluctuations from the auditory 


166 fs a 
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area of the cerebral cortex of test animals. These fluctuations appeared most often 
after depression of activity and were accompanied by motor effects (tremor of 


‘ etc.). Analogous activity appeared at this time in the 


chewing muscles, "shaking,' 
sensory-motor zone against a background of pronounced desynchronization; in the 
ce.vicul zone of the cortex, basic rhythm predominated. However, relatively low- 
amplitude slow waves continued to be maintained in subcortical structures; sharp 
fluctuations and sometimes even peaks began to appear among them periodically. This 
electrophysiological pattern was found primarily in the reticular and m°-cial nuclei 

of the thalamus, the reticular formation of the mesencephalon and the . Some- 
times high-v>’-age sharp-wave activity was recorded against a_background of very 
pronounced desyncaronization in the auditory area of the cerebral cortex and the 
lateral nucleus of the optic lobe. Pointed fluctuations of basic rhythm were observed 
in the reticular formation of the mesencephalon, alternating with sharp small-amplitude 
waves. Then sharp waves with an amplitude of 80-140 wV began to be recorded in all 
nerve formations under study. It is typical that the author detected significant 
depression of bioelectric activity f-llowing a relatively small burst of sharp-wave 
activity in those zones where it was more pronounced. It is evident on the EEG that 
pronounced depression of potentials appears in the auditory zone after high-voltage 
(over 200 wv) sharp waves with succeeding mew "volleys" of peak discharges. In the 
ventral nucleus of the thalamus and the reticular formation of the mesencephalon, 
pointed low-amplitude fluctuations predominate, analogous to those which are recorded 
in the cervical area. It must be pointed out that these electrical shifts were 
primariiy observed in the first 30 minutes of the noise effect, correspondingly 
decreasing by the 8-10th exposure, and the intensity of reactive effects progressively 
dropped, both by the end of the experiment and from test to test. 


Thus, electrophysiological characteristics of subcortical formations are 
characterized by extremeiy large variability of both types of electrical activity 
of brain structures and parameters of potentials, which was less pronounced with 
90 dB noise. /184 


Electrographic changes, caused by a noise stimulus, are accompanied by parallel 
changes of electrical activity in the cortex as well as in the subcortex, and, there- 
fore, evidently also by a synchronized shift of nerve processes, i.e., cortical and 
subcortical levels participate in the response reaction of noise in step. Definite 


changes were determined by the author in the frequency and amplitude of potentials. 


187 


Figure 54. Change in the mean amplitude of biopotenttsals of the 

brain in both groups of animals on the second day of the experiment. 

a. — cortex; 1 — cervical zone; 2 — auditory zone; 3 — sensory- 

motor zone; b ——~ subcortex; 1 —— reticular formation of the pons; 

3 — reticular nucleus of the thalamus; 4 — medial nucleus 

of the thalmues; 5 — lateral nucleus of the thalamus; 6 — ventral 

nucleus of the thalamus. Black columns — control: columne with 

etraight shading —- noise of 120 dB; columns with crosshatching — noise of 
90 dB. Vertically — amplitude. 

Simultaneous recording of the bioelectric putentials in various levels of the 
brain during the direct effect of a noise stimulus enabled A. V. Kadyskin to find 
nerve formations with the most severe electrophysiological shifts, as it is known 
that structures in which the moet intense bioelectric changes occur are in a state 


of the greatest activity. 


Analysis of electroencephalograms recorded during application of the noise 
etimuli led to the detection primarily of differencea in the electrical activity 
of cortical and subcortical structures. Results of statistical analysis of experi- 
mental data from the second Jay of the noise effect are given in a graph for the 


first and second groups of rabbits respectively (Figure 54). {185 


From these data, it is evident that in both the first and in the second group, 
by the second day the amplitude of potentiale drops considerably. Under the effect 
of noise with an intensity of 120 dB, a more pronounced decrease occurs in 
comparison with the control group than with 90 dB noise. This depression of electric 
activity occurs primarily in the second phase of each experiment (passive) and is 
recovered rather slowly — in the first group in 30-45 minutes, and in the second 


in 5-15 minutes after the noise stops. 
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Figure 55. Dynamics of mean frequency of fluctuations of biopotentials 
of the « rtex and subcortical structures of the brain for the test period 
(noise » 120 dB). 


a — cortex; 1 — optical, 2 — auditory, 3 — sensory-motor zones; b — 
subcortical structures of the brain: 1— reticular formation of the 
mesencephalon; 2 — reticular formation of the pons; 3 — lateral nucleus 
of the thalamus. Vertically — frequency. 


Figure 55 shows the results of frequency analysis of electrograms for the 
test period. As can be seen, the trequency of fluctuations with 120 dB coise 
increases in the first days of the experiment, especially clearly in the auditory, 
sensory-motor and cervical areas of the cortex and is especially predominant in 
comparison with subcortical structures. Frequency-amplitude characterisitcs cf 
the brain structures during the noise jn this period are given in Tables 33 and 34 
(P given in relation to the control). In most of the columns it is less than 0.01, /186 
with the exception of: in Table 33 — on the 2nd day in the 7th column P < 0.05, 
in the 8th — 0.1; in Table 34 — on the 5th day in the 8th column P < 0.02; in the 
10th < 0.05; on the 16th day in the 6th column P < 0.05, in the 9th < 0.2, and in 
the 10th < 0.1. 


An analogous pattern, but less pronounced, can be observed in exposure to noise 


with an intensity of 90 dB. 


As can be seen from these tables, the amplitude of fluctuations is simultaneously 
reduced in the cortex and in subcortical nerve formations in the animals of both 
experimental groups. In the csrebral cortex, the intensity of potentials decreases 
more than three times in comparison with data obtained in background tracings. This 
reduction is statistically reliable. However, a significant reduction of amplitude 
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is also noted in subcortical sectionsof the brain. Thus, we see that the intensity 
of potentials of nuclei of the optic lobe and reticular formation decreases almost 
2-2.5 times in comparison with the initial data. The amplitude of the ele .trograms 
of subcortical sections of the brain in these rabbits also statistically reliably 


differs from the amplitude of the cerebral cortex in these same animals. 


The results show that significant and statistically reliable reduction of the 
biopotential amplitude also takes place in animals in the second group by tl.2 fifth 
day of the noise effect. On the average, the EEG amplitude of tne auditory zou: 
ie reduced in rabbits almost 1-1.5 times in comparison with the control. Unlike 
the animals in the first test group, their biopotential amplitude decreased evenly 
in all sections, as here there is no sharp drop in amplitude of the electrog™i us £188 


as described above for subcortical sections of the brain. 


The effect of noise during the first five days caused pronounced qualitative 
and quantitative reorganization of the electric activity of the brain, which reflects 
shifts in its functional st > and indicates the brain's conversion from a "quiet" 
atate to "active" in the first phase of the experiment. The reduction of amplitude 
end frequency of bicelcctric potentials vf various levels of the brain, especially 
by the end of the experiment, indicated the transfer of the brain to another level 
of dynamic condition — inhibition. Electrophysiologically this was shown by 
synchronized slow-wave activity in all nerve furmations studied. It is important 
to note that even during the first exposures to 120 dB noise, slow low-voltage 
fluctuations with a frequency of 2-4 per second appeared in the rabbits in the 
reticular formation of the mesencephalon and in the lateral nucleus of the thalamus. 


The amplitude of these potentials was low end varied between 50-60 pV. 


Such electric activity can also be observed in the auditory zone whcre it appeared 
episodically following low-amplitude frequent activity. At the same time, frequent 
fluctuations of low amplitude were recorded in the nonspecific nuclei of the 
thalamus. Thus, the fact can be ascertained that developing delta and theta waves 
gradually encompass one brain structure after another, proceeding from the eubcortex 
to »reas of the cerebral cortex. This phenemenon began to predominate by the end of 
three hour's exposure to noise and was more pronounced by the 7-9th d.iys of the 
experiment. Slow low-voltage activity with a frequency of 2-4 Hz encompassed the 
sensory-motor area of the cortex, proceeded to the cervical zone, then was also 


estatlished in the auditory zone. This was accompanied by low-amplitude frequency 
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activity of the nonspecific nuclei of the optic iste, and synchronized low amplitude 
fluctuations with a frequency of 3-4 Hz appeared in the reticular formation of the 
mesencephalon and the pons. By the 10-12 day, the character of electric activity 

of brain structures acquired a certain uniformity, «nich cen be clearly observed in 
a frequency-amplitude analysis of bioelectric potentials of various brain structures 
of the animals. The background activity of the brain is 2J6o0 definitely depressed, 
and if a pronounced nonuniformity of reactions of brain structures is noted by 

the fifth day of the experiment, or the tenth day an even synchronized depression 

of bivelectric potentials can be observed in these subcortical fozmations of the 


central nervous syatem of the animal. /189 


With respect to the electrophysiological reactions of the brain to the effect 
of noise with an intensity of 90 dB, by the 10th day uniform slight depression of 
the background rhythm appeared. In the electrosubcorticogram of the animals in this 
group, a predominance of the basic rhythm was observed, which was significantly 


reinforced by this time. 


Characteristic changes in bioelectric activity were evident in the aftereffects 
period. We must point out that deactivation of the noise often caused dissimilar 
reactions. If it happened against a background of slow-wave activity, a generalized 
reaction of desynchronization appeared. However, if low-amplitude frequency activity 
was present, deactivation increased the biopotential amplitude. The length of 
these reactions decreased from test to test, and by the end of the experiment, the 
time of the reaction to deactivation was quite short, an average of 2 + 0.25 seconds. 


Recording electric activity in the after period showed that during the influence 
of noise with an intensity of 120 dB, the EEG did not return to normal, even after 
the first three hours. 


After 4-6 experiments it was discovered that an hour after the noise, the 
same fluctuations were observed on the EEG which were recorded during the noise, 
but with greater amplitude; the "background" EEG, after the eighth tay of the noise, 
differs significantly from the spontaneous activity of the same rabbit on the first 


day of the experiment. 


Subsequently, there was a gradual accretion of changes in the electrographiz 
tracing obtained before each experiment. This indicated that the shifts detected 


in bioelectric activity were permanent and were accumulated and summarized in 
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proportion to the course of the experiment. Bioelectric changes were detected 
not only in the cortex, but in the subcortex as well, which shows the close inter- 
action and participation of the cortex and subcortex in the response reaction to 


noise. 


Subsequent study of the electrophysiological changes in the cortex and subcortex 
enabled A. V. Kadyskin to find an ever increasing tendency for slow-wave low- 
amplitude activity to develop. This is seen in the fact that in subcortical structures 
(in the reticular formation of the mesencephalca, pons, and in the medial nucleus 
of the optic lobe) a four fluctuations-per-second rhythm is developed and reinforced, 
which appears in these areas of the brain even in the first tests. A reaction of 
desynchronization was determined in the auditory zones; in the sensory-motor and 
cervical zones, basic activity began to predominate, but with low amplituie. However, 
in proportion to the effect of the noise, slow fluctuations began ever—increasingly 
to "penetrate" the auditory zone. It could be observed that after the 14-16th day, 
slow waves with a frequency of 3-4 per second appeared on the EEG of auditory areas /190 
of rabbits after only 15 minutes of the uoise. These were synchronized with 
vibrations determined in the reticular formation of the mesencerhalon, medial, aud 
ventral nuclei of the tlalamus. A pronounced curtailment of fluctuations with 


depressed amplitude was also observed in other subcortical structures. 


In electrograme of the brain of rabbits, recorded during this period, it was 
still possible to note several elements of polynorphiem of electric activity in 
subcortical structures and, especially, in the cortex. Simultaneous recording of 
EEG and respiration showed that rhythms with a frequency of 3-4 Hz, predominating 
in the etectrogram of the brain, correspond in frequency, and often in amplitude 
as well,to respiratory movements. It waa discovered that after prolonged noise 
of great intensity, fluctuaticna in this tange also begin to appear 4n the lateral 
and reticular nuclej of the thalamus as well as in the cortical part of the 
acoustic analysor, replacing the reaction of desynchronization. At that time, the 
rapid activity of other cortical zones significantly decreases. 


It ie interesting to note the fact that, if in the first half of the experiment 
(12-14 days), the progressing effect of orderly synchronized rhythm with a frequency 
of 3-5 fluctuations per second primarily occurredin the reticular formation of the 
stem and thalamus, the second half (16-26tn day) was characterized by the develop- 
ment, generalization ani reinforcement of this rhythm. Prolonged and regular 
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application of a etrong noise stimulus caused the process of synchronizing the rhythm 
of electric fluctuations to be very pronounced in all the specific and nonspecific 
nerve formations we studied, and, as we have indicated, it coincided with the 
rhythm of respiration. In fact, even by the 18-2lst day, synchronized rhythm 
became the dominant form of electric activity in the cortex (sensory-motor, 
auditory, cervical) and subcortical structures (lateral, medial, ventraj and 
reticular nuclei of the thalamus and reticular formation of the mesencephalon 

and the pons). Amplitude analysis shows that brain structures at this time 
evidently transfer to an identical level of functional activity. The biopotential 
amplitude of the brain of the rabbit on the 2lst day of the noise varied only very 
slightly. 


Further observations of the dynamics of bioelectric activity of the cortex 
and subcortical structures do not reveal essential shifts in its character. 
Against a background of this uniform EEG, eynchronized "bursts" of 3-5 delta waves 
appeared in all sections with a frequency of 2 fluctuations per minute, whose f191 
amplitude was about 2 times greater than the basic activity. It is interesting 
that these fluctuations began to spread very quickly tae all brain ctructures, 
and by the end of the experiment, by the 24-26th day, generalized low-amplitude 
synchronized slow-wave activity appeared in all the brain structures under study 
(Figure 56). This bioclectric activity was alsc maintained in the aiter period 
and even to the next day of testing. Actuating the noise against such a baeck- 
ground caused only slight intenoification and increased frequency of electric 


activity of the brain, which then rapidly assumed its "original" character. 


On the 36th day of the experiment, electric activity of the brain was represent- 
ed almost entirely by delta waves, the amplitude of which varied slightly, 
averaging 40 ypV. 


The dynamics of changes in brain biopotentials during noise with an intensity 
of 90 dB was analogous to that described. But a noise stimulus with a 90 dB 
intensity dia not cause such pronounced depression of potential amplitude; it 
caused a slightly increased rate of fluctuations. However, recovery processes in 
this case are rapid, and by the next day the EEG does not differ in character 
from the background recording, although a slight depression of biopotentials 
predominates. Nevertheless, by the end of the experiment in thie series of animale, 


generalized synchronized slow-wave activity also develops in all sections with a 
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Figure 56. Bioelectric activity of brain structures on the 32nd 
day of the experiment (noise 120 dB). 


Cortex: 1-— cervical, 2 — auditory zones; subcortex: 3— 
lateral nucleus of the thalamus; 4 — reticular formation of the 
mesencephalon; 5 —— stimulation mark; 6 — time mark. 


frequency of 4-6 Hz which, 30-45 minutes after deactivation of the noise, is 
replaced by polyrhythmic activity with a predominance of the Sasic chyiho, but 


with greatly reducea amplitude in comparison with background activity. 4192 


Figure 57 shows the dynamics of change in the amplitude of biopotentials of 
these structures of the brain in experimental animals. As can be seen, a significant 
reduction of biopotential amplitude is observed, more pronounced with 120 dB noise. 
The greatest depression appears in nonspecific subcortical structures. By the end 
of the exveriment, the voltage of potentials is somewhat evened out in the cortex 
as well as in subcortical structures of the brain. 


After 36 days of the nofse, the character of bioelectric activity was ol served. 
The electroencephalograms of rabbits subjected to the effect of 90 dB noise for 
4~7 days were completely restored. With regard to the group of animals experiencing 
noise with an intensity of 120 dB, even after 18-31 days there was no "reverse" 
development of electrographic changes. Bioelectric activity continued to be 
synchronized and slow-wave; a slight increase in amplitude and increased frequency /193 


ef rhythm to 5-8 fiuctuations per second was observed by this time. 


On the basis of a study of electric reactioas of specific and reticular 


etructures of the brain under the influence of various noise stimuli, A. V. Kadyskin 
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showed that the dynamics of ch-nges 
detected depends on the intensity and 
length of the effective noise. 


As a result of the effect of noise 
stimuli, slow low-voltage fluctuations 
develop in the cortex of the large 
hemispheres, in the thalamic structures, 
and in the reticular formation of the 
brain stem, which evidently indicate the 
develcpwent of an inhibitory condition. 
In proportion to the effect of the noise, 
these rhythms bezome the dominant form 
of bizelectric activity anu are even 
observed beyond the pericds of stimulation. 
The rhythms of electric activity ir these 


nerve formations of the brain are generally 
Blowed dwn and depressed. Rhythm 


Figure 57. Changes in mean synchronized with respiration appears in 
amplitude of biopotentials of th2 


cortex (a) and subcortical thalamic structures, the reticular 


structures (b) of the gee formation of the stem and the cortex of 
O dB 

big roe ee gael rata, the large hemispheres. 

motor, 3 — auditory zones; 

bs 1-— reticular nucleus of the 

thalamus; 2 — lateral nucleus o< These data on the appearance, 

the thalamus; 3 — reticular development, generalization and rein- 


formation of the mesencephalon, 


Vertically — ampJitude sorcement of orderly synchronized slow- 


wave rhythm enabled A. V. Kadyskin to 
assume that evidently the reticular formation of the brain stem particip .tes in 
the functional shifts detected in various sections of the central nervous system 
caused by the effect of noise. 


There was also interest in the effect of pulse noise on the functional 


state of the central nervons systen. 
G. A. Suvorav (1968), in experiments on rabbits with chronically implanted 


bipolar leads, and with stimulating electrodes in temporal and frontal areas of 


the cortex as well as the reticular formation of the mesencephalon and hippocampue, 
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otudied the effect of pulse noise in the form of an aperiodic sequence of square 
pulses with average latency of 2 seconds, square shape (pulse time 10 msec), 


filled with white noise, with pulses lasting 100 msec (intensicy per pulse 100 dB). 


The characteristics of the effect oi pulse noise were comparatively evaluated 


with the effect of stable white ncise of the same average intensity —- 87 dB. 


The bioelectric activity was recorded during the entire test. Thresholds of /194 
excitability of the brain structures in question were determined before the noise, 
and then with a yingle effect of the stimulus, after 1, 3 and 6 hours exposure to 


the noise. 


With threshold high-frequency stimulation of the reticular formation of the 
mesencephalon, a activation reaction was observed on the EEG which was characterized 
by desynchronization of the ECG of the frontal area of the cortex, stabilization 
of the rhythm in the temporal cortex and reticular formation «* the mesencephalon. 
Theta rhythm was recorded in the bioelectric activity of the hippocampus. At the 
moment of stimulation, this electrvencephaiographic reaction was accompanied in 
behavior by an orienting-receptive reflex, which wes characterized by movements of 
the animal resembling those directed toward the best perception of distant stimuli. 
With slight increase in the amplitude of the stimulating current, tonic tension 
was observed in the animal, accompanied by turning the head or entire trunk to the 
ipsilateral side. After the stimulation of the mesencephalic reticular formation 
ceased, an orienting-investigative reaction was observed in most tests, which was 


characterized by movement of the animal with searching motions. 


When the temporal area of the cortex was stimulated with a current amplitude 
below threshold, a reaction of awakening was recorded in most tests. With thres- 
hold stimulation of this area of the cortex, brief discharges of the aftereffect 
were recorded in ita bioelectric activity which were accompanied by stabilization 
of rhythm on the EG of the hippocampus and reticular formation. A reaction of 
alarm was noted in the animals. The data obtained by G. A. Suvorov agree with the 
research of V. A. Krauz (1968), who studied the relation of behavioral and EEG 
reactions during stimulation of structures of the forebrain, intermediate brain and 
the mesencephalon. 

Under the influence of pulse noise during the first 5-10 mirutes of the test, 
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a reaction of activation was recorded on the ECG. During the next 2 hours, 
synchronization of the rhytha was observed on the ECG with periodic spurts cf 
aspind:es in the frontal area of the cortex, and pronounced disturbance of rhythm 
stabil‘ zation was noted on the EG of the reticular formation of the mesencephalon 
and the hippocampus. During the third hour of the experiment, & pronounced, 
persistent reaction of desynchronization was recorded in the bioelectric activity of 
the cortex which was accompanied by theta rhythm in the hippocampus and "tension" 
rhythm in the mesencephalic reticular formation. In the next th. ee hours of the 
test, EEG activation alternated with periodic brief intervals of biopotential 


synchronization. 


An analogous reaction of activation was also recorded on the EEG under the effect 
of stable noise for 5-10 minute testing; however, during the next 6 hours of the f195 
experiment mainly a reaction of synchronization was noted in the bioelectric 


activity of brain formations. 


In an hour after the effect of pulse noise, the excitability of the temporal 
area of the cortex and the reticular formation of the mesensephalon increased 
markedly. Thresholds of behavioral and attendant EEG-reactions, due to the 
stimuJation of these structures, were reduced 1.5 and 1 V, respectively. After 
3 hours of the stimulus, excitability of the temporal, cortex, and the reticular 
formation was reduced in comparison with the preceding etage of the experiment. 
However, if the thresholds of induced reactions caused by stimulation of the cortex 
increascd 1 V, the threshold of the activation reaction of the reticular formation 
of the mesencephaloa ~as increased in comparison with the preceding stage of the 
test only 0.25 V. After 6 hours of pulse noise, the excitab.:*ity of the temporal 
area of the cortex was increased even more, but nevertheless the value of its 
thresholds was less than after 1 hour of the noise. Reductions in the thresholds 
of the behavioral and EEG reaction of act‘vation, recorded when the reticular 
formation was stimulated, were less pronounced than afier the first and third hour 
of the experiment (Figure 58, 59). 


Unlike the pulse stimulus, 1 hour after the effect of stable noise, the 
excitability of the temporal area of the cortex was somewhat decreased, as the 
threshold of induced reactions increased an average of 0.5 V. This depression 
of the cortex was noted against a background of induced excitation of the reticular 


formation of the mesencephalon, in which the threshold of the activation reaction 
e 
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was reduced 1.25 V in comparison with the control. In contrast to this, after 3 
hours of stable no{se, the excitability of the cortex was markedly increased in 
comparison with the control. The thresholds of behavioral and £EG-reactions were 
reduced an average of 1.5 V. In this case, against a background of induced 
excitation of che temporal area of tne cortex, the thresholas of behavioral and 
EEG-reactious of activation of the mesencephalic reticular formation were slightly 
increased in comparison with analogous indices obtained after the effect of stable 
noise, after 1 hour of testing. The threshold of excitability of the reticular 
formation of tlhe mesencephalon was an average of 0.25 V lower than the control 


indices, but in some tests it was identical with the control values. 


In the next 3 hours of stable noise, the functional state of the cortex and 
the reticular formation of the mesencephalon did not essentially change, 2s the 
indicies of excitability of these structures was mainly the same as after the third 
hour of this stimulus. £198 


According to the data of F. 5S. Borodkin (1967) and V. A. Krauz, the excitability 
of the cortex increases upon threshold stimulation of the mesencephalic reticular 
formation, while subliminal stimulation of the reticular formation, Increusing 


ite activity, leads to a depression of the cortex. 


Dynamics of the Bioelectric Activity of Narious Sections 
of the Brain During Rhythmic Light | Stimulation Against a Against a 
Back round of Noise 


The achievements of modern physiology make. it p-_-ible to breaden the complex 
of methods used to interpret more extensively and completely those changes which 


appear in the central nervous system during noise. 


It is tr ‘at the method of rhythmical light stimulation has received wide 
recognition in evaluating the functional state of the brain, both in experimental 
research and in clinical practice. But, unfortunately, this method has not yet 
been used to study the functional properties of the nerve structures of the brain 


under noise conditions. 


As far back os 1892, N. Ye. Vvedenskiy designated the speed of those elementary 
reactions which underlie the vital activity of each cell as “functional mobility" 
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Figure 58. The effect of pulse noise on the excitability of the 
temporal area of the cortex. 


a — control; b,c,d — 


noise. 


cortex; 3 — hippocampus; 4 — reticuiar formation of the 


1,3 and 6 hours after the effect of 


pulse 


1 — frontal area of the cortex; 2 — temporal area of the 


mesencephalon. Solid line — stimulation period. 
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Figure 59. The effect of pulse noise on the threshold of the 
activation reactiun of the mesencephalic reticular formation. 
a — controi; b,c — 1 and 6 hours of the effect of pulse noiée. 
1 — frontal area of the cortex; 2 — temporal area of the cortex; 


3 — hippocampus; 4 — reticular formation of the mesencephalon. 
Solid line — stimulation period. 


201 . 


4197 


(physiological lability). N. Ye. Vvedenskiy suggested =hut functional mobility be 
measured by the largest number of electric fluctuations (corresponding to elementary 
bursts. of excitation) which tissue can generate per unit time, in exact conformity 
with the rhvchm of maximum stimulation. The level of functional mobility, deter- 
mined by the maximum rhythm of elementary bursts of excitation, and consequently 

the length of the individual burst of excitation in their sequence, came to be 
considered by N. Ye. Vvedenskiy as the basic index of the functional state of 


nerve and muscle tissue. 


This is why A. V. Kadyskin (1968) used the phenomenon of the assimilation of 
the rhythm of Vight flashes (synonyms: rhythm rearrangement reaction, rhythm 
sequence reaction, etc.), which as is known consists of the formation of the poten- 
tials on the EEG which are synchronized with the rhythm of the stimulus. The 
concept of the Yange of assimilation of the rhythms was L[ntroduced and the assimila- 
tion cf upper and lower harmonics of the frequency of stimulation described, 
which was the beginning of the wide use of the reaction of assimilation of the 
rhythm of light flashes in experimental and clinical electrophysiological research /199 
(M. N. Livanov, 1960; A. G. Kopylov, 1956; N. P. Bekhtereva, 1963, 1965, 1967; 
Vv. I. Gusel'nikov, A. Ya. Supin, 1968 and others). 


The majority of these works primarily studied the process of the rearrangement 
of spontaneous activity in the cortex of the large hemispheres to conform with 
the rhythm of light stimuli, and in only a few of them were processes occuring 
in subcortical optic centers and reticular structures of the mesencephalon studied, 
or the role of these structures in processes of assimilating the rhythm of light 
flashes investigated. The reaction of assimilation of the rhythm is a fundamental 
electrophysiological phenomenon, making it possible to study the laws of organiza- 
tion of bioelectric rhythm and to use methods of investigeting functional shifts in 
brain structures. : 


It seemed possible to A. V. Kadyskin to study in chronic experiments rearrange- 
ment of the rhythm of electric fluctuations not only in the zones of the cortex, 
but also in the reticular formation of the mesencephalon, the pons, and in specific 
and nonspecific systems of the thalamus. Thus, the advantages of chronic experiments 
enabled A. V. Kadyskin to study the reaction of rhythm assimilation at various 
levels of the brain directly during noise. Experiments in studying the assimilation 
of the rhythm of light flashes were conducted in test groups subjected to the effect 
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of nofse with an intensity of 120 and 90 dB, as well as in a control group. 


A study of rhythm assimilation was made daily before the experiment, during 
noise every 15 minutes, and in the after-period, t0, 30 minutes and 1 hour after 
deactivation of the noise in the entire range of light frequencies from 0.5 6a 30 Hz. 
Length of the stimulus in the various tests was 10 seconds, and the interval 
between the applied light stimuli was from 15 to 25 seconds. The energy of the 
bursts in the majority of tests was 0.3 J; illumination was 25 lx. The light 
was placed 25 cm from the eyes of the rabbit. 


He studied the amplitude, frequency, spatial distribution, length of responses, 
the ratio of responses to bas‘c activity and the ratio of responses of deep 
structures to the responses recorded in the cortex. Taking into consideration the 
fact that, in evaluating the functional state of the nerve structures of the brain, 
it is impossible not to involve parameters of rhythm rearrangement, which are 
evidently of definite importance and closely connected wits lability and excitability, 
A. V. Kadyskin studied the curves of assimilation of the rhythm of light flashes 
not only qualitatively, but also quantitatively. The graphs suggested by A. G. 
Kopyivuv (1956) were used for a quantitative evaluation. The frequency of flashes 
per second is plotted horizontally, and vertically — the index of assimilated 


Ped 
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rhythm (relative length), 1.e., the ratio of the length of the interval where 


assimilation of rhythm is detected to the entire period of rhythmical stimulation 
(in %). These curves make it possible to determine the following parameters of 
rhythm assimilation: upper limit, lower limit, range, amplitude and index for 
any frequency, areas of predominant assimilation of rhythm, degree of irradiation 


and generalization of response to the application of light stimuli, 


In the tests of A. V. Kadyskin, the maximum reproducible rhythm of brain 
Rtructures of the animals was 10-15 fluctuations per secund. In this range, the 
reactive pocentials have a pointed shape; large frequency stimulation caused non- 
epecific changes in the electroencephalographic tracing, expressed by inten- 
sification of the basic rhythn. 


Light stimuli lying in the 15-30 Hz range caused very weak, barely noticeable 
rearrangemen: of the rhythm of background bioelectric activity of brain structures. 
The assimilation reaction of the rhythm of light flashes was relatively weak in 
the specific nucleus of the thalamus, and slight rearrangement of the background 
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rhythm appears in the nonspecific system of the thalamus in response to the 
effect of rhythmic photostimulation. But here also a reaction of assimilation of 
the rhythm of light flashes sometimes appeared with the use of infrequent stimuli 
(2-8 Hz). 


Assimilation of the rhythm of light flashes was quite pconounced in the 
reticular formation of the pons and the mesencephalon. But, nevertheless, reticular 
structures best reproduce a rhythm which resembles that of its own fluctuations, 
revealing slight inertia with the application of other frequency ranges. The 
optic cortex nevertheless always responded with a quicker and more complete reaction 


of rhythm reproduction with the application of any frequencies of light flashes. 


A study of the reaction of assimilation of the rhythm of light flashes in 
animals subjected to the effect of wide-band stable noise with au intensity of 
120 and 90 dB »nabled A. V. Kadyskin to find typical differences in the reaction 
between both groups, as well as in comparing it with the control. 


In the firat period of noise with an intensity of 120 dB. a prenovnced ahility 
to reproduce comparatively frequent rhythms was revealed. Before the tests they 
were weakly assimilated or not assimilated at all (15, 20 Hz, sometimes 25 and even 
30 Hz). This was clearly shown in the cerebral cortex and, especially, in the 
auditory and cervical areas. A similar tendency was observed in subcortical 
atructures, but there, however, assimilation of light stimuli was limited primarily 
to the reticular formation of the mesencephalon, pons and reticular nucleus of f201 
the thalamus. The lateral, medial, and ventral nuclei of the optic lobe “responded" 
by rearianging their rhythm to the light stimuli, by accelerating the rhythm and 
increasing the amplitude of fluctuations. 


From the data on the reaction of brain structures to light stimuli during noise 
of 120 dB on the fifth day of the experiment, we see considerable improvement in 
the assizilation of higher frequencies whose frequency increases correspondingly; the 
index of assimilation of light flashes is high compared with the control. W2 
must note that a similar reaction is typical of all structures studied ‘n the cortex 
as well as in the subcortex. 


Changes in the reaction of assimilation of the rhythm of light stimuli during 
90 dB noive are aimed in the same direction, however, lesa distinctly, slthough 
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Figure 60. Reaction of ass‘ iilation of the rhythm of light 
stimuli of 0.5 Hz by various brain structures during noise. 


1 — pneumogram; EEG: 2 ~— auditory zone of the cortex; 

3 — medial nucleus of the thalamus; 4 — reticular formation 
of the mesencephalon; 5 — stimulation mark; 6 — time mark 
(1 sec). 


the index of rhythm assimilation is almost the sane. 


During the experiment, the amplitude of reproducible responses to stimuli is 
significantly reduced. Instances of separation of responses of ight stimuli were 
also determined, which were assimilated by brain structures which were very 
pronounced in the cerebral cortex and reticular structures at a photostimulation 
frequency from 5 to 12-16 Hz. It could be ascertained that the response reaction 
to light stimuli in the first experiments developed immediately after thelr applica- 
tion. At this time, rhythm assimilation in all brain structures of low frequencies 
is markedly decreased (Figure 60), but assimilation of higher frequencies clearly L262 
improves (15 Hz or more). 


In proportion to the course of the experiment, the process of assimilation of 
the rhythm of light flashes became pronounced in all structures of the brain being 
studied. A rhythm of 20 fluctuations per second began to be reproduced, which is 
intensified by the structures of the cortex and by reticular structures of the brain 
actem, as well as by lateral and reticular nuclei of the optic lobe. The fact of 
improved assimilation of more frequent rhythms and reduced assimilation of infre- 
quent rhythms of light flashes before the 5-6 days of the noise effect (with 120 
dB noise) was very pronounced. 
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This indicates that, in a given functional state of the cortex and subcortical 
structures, their lability is strongly increased. High fluctuations of light 
flashes are more udequate for this state, as a result of which they are reproduced 
by both cortical and subcortical specific and nonspecific structures. During 
this period of the sound effect, in passing from the application of high frequencies 
of light flashes to infrequent ones, the cortex stops responding by rearranging 
ite electric activity and does not assimilate the rhythm of the stimulus, while 
before the noise this led to improved reproduction of infrequent light stimuli. 

The auditcry and sensory-motor areas of the cortex respond to light stimuli almost 
the same as the optic zone of the cortex, which was not observed before the sound. 
Thus, in the first period of sound (3-5 days) a deterioration of assimilation by 

the cortex of slow rhythms of light flashes (0.5-8 Hz) is observed, and a pronounced 
improvement ita the assimilation of more frequent rhythms with simultaneous broad 
involvement of the entire cortex in assimilating rhythms, as well as the reticular 


6tructures of the brain sten. 


These data indicate that, under the effect of noise, the lability of the cortex 
and subcortical structures increases. This is indicated by the breaderine af the 
range of assimilated frequency, the assimilation of the rhytim of light flashes 
by these structures, and the apyearance “on the spot" of a response reaction to 
the application of light stimuli. Generalization of response reactions, in turn, 
emphasizes the close connection and interdependence of brain structures in the 


response reaction to the noise. 


Subsequently, distinct changes occur in the assimilation of *'.. rhythm of 
reply flashes, indicating the gradual reduction of lability of nerve formations of 
the brain. This fa seen in the fact that the range of assimilated frequencies is 
reduced significantly, and the rearrangement of the assimilation of rhythms in 
the cortex, if it does take place, ie limited to the optic and often the auditory 
region. It is gradually revealed that the brain structures of the cortex and the 1203 
subcortex have stopped assimilating frequent fluctuations (15-25 Hz), while the 
amplitude of more infrequent fluctuations is markedly reduced and the length of 
the latent period of responses pronounced. At the same time, instances of general- 
ization begin to disappear. In proportion to the course of the expe-..ent, 
besides the reduced assimilation of the rhythms of light fluctuations of more 
frequent ranges, the brain structures — especially the reticular formation of the 


mesencephalon, lateral and reticular nucleus of the thalamus — Gradually began to 
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respond better to more infrequent fluctuations with a frequency of 5-8 per second, 
which were not assimilated before. The amplitude of assimilated potentials 
progressively dropped. By the 12-16 day, processes of assimilation of the rhythm 

of light flashes underwent very definite changes. By this time, the range of 
assimilated frequencies was significantly constricted, limited primarily to basic 
rhythm fluctuations (5-8 fluctuations per second). The cerebral cortex, especially 
the optic and auditory areas, have not yet lost their ability to respond to the more 
frequent stimuli (10-12 Hz). However, the sensory-motor area hardly reacts at all 
to stimulation of any ranges, responding only with a slight ‘ncrease of activity 

or development of slow, irregular fluctuations. The reticular formation of the 
mesencephalon and the pons also significantly loses the ability to assimilate applied 
stimuli. 


Often a generalized reaction of rhythm assimilation to light stimuli of the 4-6 
Hz range appeared in all the nerve formations of the brain under study; the greatest 
emplitude of fluctuations was observed in structures of the reticular formation of 
the brain stem. At this time, the dependence of the response reaction to light 
flashes on the character of the recorded bioelectric activity was revealed. If 
stimuli with a frequency of 5 Hz are applied against a background of slow-wave 
fluctuations, they lead only to increased electric activity, but —— when fluctuations 
of 10-12 Hz are present in the background photostimulation of this range — they led to 
distinct assimilation of rhythn. 


These effects in accelerating the rhythms of photostimulation indicate that the 
sections of the brain under study “responded” to a narrow frequency range of light 
stimuli between 4-6 Hz. The lability of the cortex at these times was significantly 
reduced, which ia indicated by the fact that there were often reactions to rhytlmical 
light of various frequency ranges similar to those to continuous light, i.e., brief 
reaction of desynchronization appeared. The amplitude of these assimilated rhythms 


remained low, slightly increasing in comparison with the background. 1204 


During sound, from test to test and especially in the earlier stages when the 
depression of some autonomic functions of the organism began to appear, it could he 
observed very oiten that the emplitude of induced potentials and the severity of 
the reaction of rearranging electric activity was the same with the effect of 
light stimuli whose frequency ranges are quite different. Often, more frequent 


responses develop to low frequencies in the auditory and cervical zones of the 
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cortex and in the reticular formation of the mesencephalon and pons. 


In proportion to the development, reinforcement, and generalization of slow- 
wave synchronized activity, distinct changes alsooccurred in the reaction of re- 
arranging rhythm. As was pointed out above, synchronized activity with a frequency 
of 2-4 Hz developed in all the nerve formations studied. In the first periods of 
the appearance of this rhythm, brein structures were still responding to light 
fluctuations in the 1-6 Hz range, with a long latent period, low index of assimilation 
and low amplitude. Both zones of the cortex and subcortical structures reacted 
uniformly to more or less frequent rhythms, very slightly changing the basic back- 
ground of electric activity; the amplitude of the fluctuations increased slightly. 


By the 18-2lst day of the experiment, it could be definitely observed that 
light flasres of the range used (0.5-30 Hz) caused almost no changes in background 
activity, ieading ‘aly to a slight acceleration of electric fluctuations, which 
were always more pronounced at the start of the test. Even at this time and later, 
it could be clearly ascertained that there was no assimilation of the rhythm of 
light flashes, neither in the zones of the cortex, nor in nonspecific and specific 
systems of the thalamus,nor in the reticular structures of the brain stem. Photo- 
stimulation did not depress the rhythm, —— on the contrary, synchronization of 
rhythm was slightly intensified and biopot:ntial amplitude increased. Even this 
insiguificant reaction was often observed only in the first stimulations of the 
test. 


Thus, in the second period (after 6-8 days) the range of assimilated frequency 
was significantly constricted; it was limited primarily to basic rhythm fluctuations, 
with less pronounced instances of generalization, with significant reduction in the 
amplitude of induced potentials, etc. At the concluding stage of the test, almost 
complete absence was noted of the sequence of rhythm of light stimuli in the brain 


structures studied. 


A study of the reaction of assimilation of the rhythm of light flashes by 
nerve formations of the brain of animals subjected to noise with an intensity of 


90 and 120 dB revealed essential differences in both experimental groups. /205 


In the first cays of the experiment on znimals with neise of 90 dB, A. V. 
Kadyskin found nearly analogous changee with the application of light stimli of 


various frequency ranges, i.e., assimilation of fluctuations of more frequent 
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ranges was significantly improved. Later, in the reaction of the rhythm sequence, 

a reduced ability to assimilate light stimuli of high frequencies (15-25 Hz) appeared 
first in the sensory-motor area of the cortex, then in a nonspecific and specific 
system of the thalamus and, subsequently, in the reticular formation of the 
mesencephalon and pons. These phenomena, as a rule, appeared in the second half of 
each experiment and were more pronounced by the end when not only the range of 
assimilated frequencies was significantly constricted, but their amplitude was 


markedly reduced with simultaneous increase of the latent period. 


These changes in the rearrangement of the rhythm of brain structures to light 
flashes under the effect of 90 dB noise had a very pronounced transitory character. 
15-20 minutes after the noise was deactivated, any pronounced changes, in comparison 
with the original ability of the brain structures to react to light flashes of 
various frequency ranges, could barely be noted in the assimilation of light flashes. 
The amplitude of induced potentials remained low; however, it also was restored by 
the next day of the experiment. Following the brieS distinct increase in the 
ability of brain structures to "assimilate" a wider range of light flashes, there 
appeared a significant reduction in lability, expressed by cnastriction of the 
range of assimilated light stimuli, which was limited to fluctuations of the basic 
rhythm, and by a reduced index of assimilation. 


Thus, the effect of a wide-band stable noise with intensity of 90 and 120 dB 
for a long period of time (36 days) causes definite changes in the reaction of 
brain structures to light flashes of various frequency ranges, indicating a dis- 
turbance to the functicnal state of the central nervous system. The use by A. V. 

' Kadyskin of the method of discontinuous photostimulation enabled him to trace not 
only changes in the functional state of the cortex, but subcort}~..1 structures as 
well and gave him an idea of the cortical~subcortical relet.iunsaips during noise, 
as well as the degree of participation of various sections u‘ the brain in the 


response reaction to noise. 


The reactivity and the lability of the cortex and subcortical structures 
decreases in proportion to the sound, which is indicated by the sharp reduction in /206 
the range of assimilated frequencies, the increased latent period, reduced index of 
aseimilation of light flashes, and disappearance of generalization processes, which 
is, evidently, related to the decreased excitability of the reticular structures of 
the brain stem. Rhythmical photostimulation helped reveal the phase condition 
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developing in the central nervous system during the noise. The weakest of the suh- 
cortical formations studied were the reticular structures (reticular formation of 

the mesencephalon and pons, reticular nucleus of the thalamus and the spectfic nucleus 
of the thalanus), a general “station” for switching all somatosensory fibers on 

their way to the cortex. Thete structures are the first to lose the ability to 
reproduce given light stimuli. 


Biochemical Changes In The Central Nervous 


System During Ncise 


In the presence of rather extensive material, obtained with che use of 
physiological methods of research, there are few works dealing with binchemical 
changes in the central nervous system during noise. Analyzing literature data 
and taking the latter into account, * Secomes evident that brain atructures do not 


remaiz unchanged. 


S. V. Alekseyev und Kh. A. Getsel (1968) made an attempt to use autoradiography 
io study the penetration o1 the hematoencephalic barrier (HEB) by tagged phosphorus 
and the exchange of phosphorus compounds in brain structures with single and cepeated 
noise. Rats were subjected to the effect of white noise with an intensity of 100 dB. 
The authors established that, as a result of the white noise, a sharp increase in 
penetrability in the temporal area of the hemispheres and in the hurn of Ammon 
(hippocampus) appears in rats (Tables 35 and 36). After a brief exposure of p32 
(15 minutes) a large amount of tagged phosophcrus pcnetrates into these areas from 
the blood. However, with a single effec. of white noise, in a day the distuiced 
function of HEB penetrability was restored. 


With prolonged (38 days) white noise on rats, disturbances of HEB became 
persistant. In a series of tests lasting 15 minuter, maximum specific activity 


(SA) of the temporal area (Table 36) was obierved in comparison with other structures 
of the brain. 


The autoradiograms of tests lasting 1 dey(Table 37) also differed from 
corresponding autoradiograms of the control rats. The author suggests that exact 
correspondence of blackened sections of the autoradiogram with individual histological 
structures can be explained by the dissimilar rate of the inclusion of tagged 


phosphorus in pr-teins and nucleic acids of various histological structures. 
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TABLE 35 /207 


THE EFFECT OF ONE HOUR OF NOISE ON THE DISTRIBUTION 


OF p?? IN BRAIN STRUCTURES OF RATS 


Specific activity (SA X 104 pulses/mm?) 


Histological Structure in tests of varying length 


15 minutes control 


Areas of the cortex: 


limbic 170 144 

cervical 152 74 

parietal 152 7 

temporal 107 14 

piriform 66 74 
Horn of Ammon (hippocampus) 110 78 
Base ot brain stem 21 24 nae 
Hypothalamus 97 175 = 
Mesencephalon — — 70 

TABLE 36 


THE EFFECT OF 38 DAYS OF NOISE ON THE DISTRIBUTION OF p32 
IN BRAIN STRUCTURES OF RATS 


—. —————_— -____ — - 


Specific activity 
(SA X 104 pulses/mm) in 


Histological Structure tests of varying length 
15 minutes 1 day 
Areas of the cortex: 
limbic 85 
cervical 68 
parietal 68 142 
temporal 152 
piriform 78 
Horn of ‘4mmon 93 155 
Base of brain stem ba ‘aa 
Hypothalamus 119 = 
Mesencephalon — 140 


211 


TABLE 37 


THE DISTRIBUTION OF p32 IN BRAIN STRUCTURES 2 WEEKS AFTER 
38-DAY EFFECT OF NOISE 


Specific activity 
(SA X 104 pulses/mm3) in 
testa of varying length 


Histological Structure 


Areas of the cortex: 


limbic 100 
cervical 103 
parietal 103 
horn of Ammon (dors. part) 98 
temporal 112 
piriform 163 
Horn of Ammon 
Horn of Ammon (vent. part) 152 
Hypothalamus = 
Mesencephalon | 109 


In 1 day after a 38-day noise session ended, the SA of all brain structures 
was relatively uniform. The SA of all areas of the cortex was 142.104 pulses/mm?; 
the mesencephalon — 140 -104; and slightly higher in the horn of Ammon — 
155-10° pulses/mm, This also differs sharply from the control autoradiogran, 
obtained in a test lasting 1 day. 


Thus, the diffuse distribution of blackening density in the autoradiogram and 
the similar values of the SA of the cortex of the hemispheres, the horn of Ammon and 
the mesencephalon possibly indicate a general reduction in the intensity of the 
exchange of macromolecular phosphorus compounds in brain structures following 


repeated noise. 


In 2 weeks after the repeated effect of nois, HEB disturbances were not 


completely normalized in the area of the horn of Ammon or the limbic area. 


A. I. Vasil'yev (1956), studying cell respiration in the central nervous syster 
duriag experimental otitis and the effect of sound stimuli with a level of intensity 
of 80 and 120 dB, found decreased oxidizing and reducing ability of the brain. 


The fact is interesting that these changes were not evident when an emulsion of 
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turpentine (to develop otitis) was introduced into the tyv-nanic cavity of animals 

in a state of narcosis. This proves the participation of the central nervous 

system in the formation of response reaction to stimuiation of the peripheral 

receptor. Similar results were also ubtained by the author with sound after pre- 
liminary x-raying of the animals. Radiation, evidently, causes supraliminal 

‘inhibition in the central nervous system, and therefore reduces the reaction of /209 


the organism to a sound stimulus. 

Vv. N. Vorontsov (1968) and L. A. Marakushkin, having used biochemical methods 
of research in the brain during the effect of sound, helped broaden our concepts 
of intimate processes which occur in the central nervous system under the effect 
of this stimulus. The close connection between the state of exchange ‘ocesses in 
nerve tissue and the functional state of the central nervous system i 1,-11 known. 
The high sersitivity of the brain, especially the cortex of the large . 2mispheres, 
to lack of oxygen leaves no doubt about the decisive role of oxidizing processes 
in the runctional activity of the nervous system. This is indicated by the 
parallelism between the mcrphological development of the central nervous system and 
the maturing of oxidation enzymes in ontogenesis. Thus, tissue respiration of 
the brain is an imporcant iadex of the state of the central nervous system. Taking 
this into account, V. N. Vorontsov (1968) conducted a study of tissue respiracion 
of the brain during the effect of noise — a factor primarily acting on the nerve 
centers. The experiment was conducted on white rats (males). All animals were 
kept on a well-balanced mixed diet. 


The animals were subjected to the effect of noise in a soundproof chamber. 
Wide-band stable noise (30-16,000 Hz) with levels of intensity of 115 and 85 dB 
was used. Tissue respiration was determined by the Warburg method. The author 
conducted the tests with the sourd stimulus lasting various lengths of time. Tissue 
respiration was studied in the following formations of the brain: cortex — tempora:, 


parietal, cervical areas, as well as the thalamic area, hypothalamus and colliculi. 


The author showed that during 10-minute exposure to noise with an intensity of 
115 dB (Table 38), a reliable increase in oxygen consuzption appears in the cortex 
of the temporal and parietal areas and in the colliculi (F < 0.C5). The most 
pronounced difference from the control is in the cortex of the parietal area: 
11.73 + 0.37 ml/hr (in the test) againet 10.47 + 0.26 ml/hr (in tie control). 
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No reliable changes were found in the thalamic area, the hypothalamus, or the cortex 
of the ce1vical area. When the length of the effect was increased to 30 minutes, 

a more marked increase in the activity of respiration was found in all areas of the 
brain under study, the most pronounced in the cortex ot the temporal area 

(10.67 + 0.28 ml/hr>. Thus, when exposure is lengthened to 30 minutes, further 
intensification of respiratory activity occurs in brain tissue. This process, ia, 
having first developed in the cortex of the temporal and parietal areas and in the 
colliculi, is distributed to neighboring parts of the brain. With noise stimulation 

for 1 hour, changes in respiratory activity of the brain are less pronounced. With 

the effect of noise for 3 hours, a decrease in tissue respiration was expressed in 

the majority of investigated areas (in the test: cortex of temporal area 7.48 + 0.32, 
cortex of parietal area — 8.57 + 0.29, cortex of cervical area 9.28 + 0.32; in 

the control, respectively: 9.04 + 0.24; 10.47 + 0.26; 10.88 + 0.27). Shifts in 

the subcortical areas of the brain were less pronounced. With 85 dB noise, analogous 

but less pronounced changes were found (Table 39). Of interest is the fact that 

noise with an intensity of 85 dB in three hours of exposure does not cause murked 

changes in the activity o: respiration. These appear only with a six-hour effect 

of this noise. This phenomznon indicates a slower response reaction of the organism 


ts less intense stimulus. 


In tests with noise intensity of 115 dB and with repeated stimulation, 2 hours 
after the effect, more pronounced reduction of tissue respiration was observed 
than with a single effect. The greatest reduction in the activity of respiration 
was observed in the cortex of the temporal area (6.4 + 0.22 Oo ml/hr). With long 
exposure to noise of 1 month, a tendency toward normalization of tissue respiration 
is typical. With this time of exposure reliable changes are found only in the 
cortex of the parietal and tempora. areas. In rabbits subjected to noise for 3 months, 
sipnificant statistically-reliable reduction of tissue respiration is noted in all 
areas studied. The greatest reductioa in respiration activity is found in the cortex 
of the temporal area (5.3 + 0.46 ml/hr). With prolonged noise with an intensity of 
85 dB, depression of respiration was expressed to a lesser degree (Table 40). It 
is also typical that a month's exposure to this noise not only did not cause pro- 
nounced shifts in tissue respiration, but also caused a slight tendency toward in- 


creased respiratory activity of subcortical formations. 
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In animals subjected to noise for 3 months, 9-10 days after it ended, a tendency 
was observed toward normalization of respiration. This was especially pronounced 
with noise of 85 dB. A typical characteristic is restoration of the function of 
tissue respiration during noise of 85 dB in the cortical section of the acoustic 
analysor. Further stimulation with noise of this intensity leads to significant 
changes in tissue respiration. In connection with this, such an intensity must 


be considered to affect the central nervous system. 


Comparison of tissue respiration during the effect of various octave bands of 
noise showed that the character of changes in respiratory activity of the brain 
depends not only on the intensity, but also on the frequency characteristics of 


the noise. 


A study of the activity of oxidizing processes in the after-effects period 
showed that, in spite of the large percent of changes in the cerebral cortex, 
restoration of the function of respiration there is quicker. This is evidently 
connected with the higher organization of the cortical section of the brain and 
the flexibility of ita adaptational system. And, on the other hand, subcortical 
sections, being more inert in relation to processes of excitation and inhibition 
and their underlying complex transformations, reveal more stable changes of 
intimate processes. In animals subjected to noise for 3 months, the ability to 
summarize subliminal pulses was tested every 2 weeks according to the method 
of S. V. Speranskiy (1965). The method is distinguished by its great accuracy. 
Its principle lies in determining the minimal electric current causing a motor 
reaction in the animal -— a test which is widely used in physiological research. 


The parallelism between changes in tissue respiration and the functional 
etate of the central nervous system is established. These changes in tissuc 
respiration and the significant increase in the summation-threshold index indicates 


the development of persistent inhibition in the central nervous system. 


It can be assumed that the state of tissue respiration of the brain is 
connected with changes in respiratory enzymes. To prove this hypothesis, the 1/213 
euthor conducted a study of the activity of respiratory enzymes — succino-dehydro- 
genase and cytochromoxidase in the cortex and stem part of the brain. One group 
of animals was subjected to noise with an intensity of 115 dB for 1 hour, 3 hours, 
2 weeks (3 hours per day), the second to noise of 85 dB for 1 hour, 6 hours and 2 
weeks. 
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The activity of cytochromoxidase was determined by the Vernon method (1911) 


in the modification developed by V. N. Vorntsov, the activity of succino-dehydrogenase, 


by the wethod of Kuhne and Abud. 


During repeated exposures to noise of both intensities, phase changes were 
found in tie cortex of the brain. After 1 hour of the noise, an increase is found 
in the activity of cytochromoxidase; after 3 hours and 6 hours — a reduction. 


Noise with an intensity of 115 dB caused more significant changes; in the stem 


part of the brain, these were less pronounced. Changes in the activity of succino- 


dehydrogenase after an hour were insignificant, but after 3 and 6 hours they were 
expressed to a greater degree than the changes in cytochromoxidase. With 2 weeks 


of exposure to noise, the change in the activity of enzymes was still greater. 


Thus, it was shown that a change in the total corsumption of oxygen is 
paralle) to the tissue activity of the enzymes, which indicates disturbance during 
noise stimulation of subcellular structures, particularly mitochondria which are 


a depot of cellular energy resources. 


S. V. Alekseyev and V. N. Vorontsov conducted tests studying the effect on 
tissue respiration of the brain of octave bands of noise with a level of intensity 
of 100 dB. The tests were conducted during a single effect for 5 hours. 


Analysis of the data obtained, conducted by the authors, revealed that the 
most pronounced changes in tissue respiration during the effect of nctave bands 
of noise are observed in the temporal area. With the effect of an octave band 
of 300-600 Hz, oxygen consumption was 9.4 ml/hr, at 1200-2400 Hz it was 8.7 mil/hr, 
and with the effect of 4800-9600 Hz band it was 8.2 ml/hr, while oxygen consumption 
in the control group of animals averaged 10.3 ml/hr. In the parietal area during 
the effect of noise of octave bands 300-600 Hz and 1200-2400 Hz, a slight reduction 
in tisaue respiration was observed, and with the effect of 4800-9600 Hz band, 
reduction of oxygen consumption by tissues of the brain in the parietal area wes 
152 higher in comparison with the control group of animals. Similar data were 
also obtained in analyzing changes in tissue respizstion of the cervical area 


during exposure to noise of the above irdicated octave bands. 


In the colliculi during the effect of noise of the 300-600 Hz band oxygen 
comsumption by the tissues of the brain was 7.7 ml/hr (in the control group 
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oxygen consumption in the colliculi was 8.7 ml/hr). 


The results o< data obtained by S. V. Alekseyev and V. N. Vorontsov showed 
that reduction of usygen consumption is directly dependent on the appearance of 


high-frequency components in the noise spectrum. 


L. A. Marakushkin conducted analogous research with pulse noise with an 
intensity of 85 dB in pulses with a recurrence frequency of 30 per minute and an 
on-off duty factor of 1. Duration of exposure was 1, 3 and 6 hours. he second 
series of tests, the duration was 10, 30, 60 days (3 hours daily). In the noise 
period lasting from 1 and 3 hours to 10 days, an increase of oxdizing processes 
was noted in the animale in all the sections of the brain studied. During the 
effect lasting 6 hours and 60 days, oxygen consumption was reduced, while when 
the animals spent 30 days under this noise, no essential deviations were found. 
Thus, the effect of both pulsed and stable noise on tissue respiration of the 
brain has a phase character — stimulation alternates with inhibition. The 
stimulation phase during the effect of pulse noise is long, with an inclination 
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A comparative study of the effect of pulee periodic noises(G. A. Suvorov and L. A. 
Marakushkin, 1970) and pulse aperiodic and stable noises of equal medium intensity 
(90 dB)and the same epectral composition on the rate of oxygen consumption showed 
that thes: noises affect tissue respiration of the cerebral cortex of white mice 
differently. Pulse noise.. both periodic and aperiodic, has greater stimulating 
ability than stable noise (pertains especially to pulse, aperiodic noise). If a 
comparatively insignificant reduction in the intensity of oxygen consumption of 
brain tissue was noted during a month's exposure to stable stimulus, with the same 
exposure to pulee aperiodic and periodic noises, the oxygen consumption was in- 


creased. 


They obtained interesting data in determining the activity of the enzymes 
cytochromoxydase and esuccino-dehydrogenase. They found that the activity of enzymes 
during prolonged noise is reduced. Their material implies that there is an inter- 
connection between oxidizing processes in the brain and enzyme activity. Tables 41 
and 42 give the activity of these enzynes in relation to the time of the noise. 


‘ 
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TABLE 41 


ACTIVITY OF ENZYMES, EXPRESSED IN PERCENTAGES IN RELATION 
TO THE CONTKOL (CONTROL —- 100%), DURING IMPULSE 
NOISE WITH AN INTENSITY OF 85 dB IN ACUTE TESTS 


Tine of exposure to noise, hrs. 


Enzymes Sections of the brain 
Cortex [stem |cortex |stem {cortex | stem 
Cy tochromox ydase 113 ; 116 117 87 92 
Succino-dehydrogenase 113 | 116 114 89 87 
TABLE 42 


THE ACTIVITY OF ENZYMES, EXPRESSED IN PERCENTAGES IN RELATION 


TO THE CONTROL (CONTROL — 1002), DURING IMPULSE 
NOISE WITH AN INTENSITY OF 85 dB IN SUBACULE trdt> 


Time of exposure to noise, hra. 
Enzymes _ 19 J 30 


ae EY 1) 


Cytochromoxydase 


Succino—dehydrogenase 
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CHAPTER V 


NOISE SICKNESS 


The opinion first expressed thet noise has an effect on the organism as a 
whole (Ye. Ts. Andreyeva-Galanina, 1957) and causes noise sickness has now been 
verified in a number of works (B. A. Krivoglaz, A. A. Model' et al., 1967; 
V. Ye. Lyubomudrov and others). {216 


Data were presented in the section, "The Effect of Noise on the Human Organism" 
(Chapter III), which indicate that the central nervous system, its autonomic 
section, and the cardio-vascular system are affected much earlier than the organ 
of hearing. Numerous observations and clinical data indicate that the dominance 
of specific symptoms and syndromes is determined by the character, intensity and spectral 
composition of the noise, as well as the individual sensitivity of the person. 


Clinical symptoms during the effect of noise can be divided into specific, 
which develop in the peripheral section of the organ of hearing (Corti organ), and 


nonspecific, which develop in various organs and systems of the organisn. 


Numerous experimental studies indicate,without doubt, a connection between 
reactions observed in the organism and the effective noise as stimulus. 


Functional disturbances of the autonomic section of the central nervous system 


and of the cardio-vascular system are especially notable nonspecific reactions. 
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B. Z. Krivoglaz, A. A. Model' et al., (1967) distinguished three syndromes 
of noise sickness: 1) vaso-autonomic dystonia; 2) hemicrania; 3) diencephalic 


syndrone. 


E. A. Drogichina and L. Ye. Milkov distinguish four basic syndromes: 1) 
autonomic-vascular dysfunction; 2) astheno-autonomic syndrome; 3) hypothalamic 


syndrome; 4) syndrome of dyscirculatory encephalopathy. 


Depending on the character and intensity of the noise, the syndromes can be 


expressed differently, and in many cases, certain symptoms can be generally absent. 


Clinical observation. Subjective symptoms. In examining workers subjected 
to the effect of noise, we notice a large number of complaints of irritation, 
headaches, memory failure, drowsiness, increased fatigue, etc., which increas~> L217 
with job experience. During the effect of high-frequency noise with an intensity 
of 140-150 dB, pain was noted in the eyes and ears, a feeling cf anxiety and 
general tension. 


According to the numerous studies of E. A. Drogichina and L. Ye. Milkov with 
workers systematically subjected to the effect of noise with a level of 95-120 dB, 
dull headaches were most often noted, frequently localized in the forehead area. 
They develop primartly at the end of work or afterwards, sometimes upon agitation; 
pain in the area of the heart, emotional instability, increased fatigue, sleep 
disorders (interrupted sleep, insomnia, less frequently drowsiness), depressed 
appetite, heightened sweating, memory failures, dizziness (usually in the form of 
“darkening in the eyes" when changing the positicn of the body). 


Table 43 gives, as an examply, the frequency of complaints of machine operators 
and metal workers who are affected by stable noise with an intensity of 80-85 dB 
during work, and Table 44 gives the same for pistol firers (82-87.dB) and sub- 
machine gunners (96-99 dB). 


In comparing the frequency of individual complaints noted by machine operatora, 
we see a difference in their expression. If the greatest percentage in the first 
group falls in poor sleep and headache, a significant percentage of those of pistol 
shooters and submachine gunners are irritability and fatigue, which is related to 


the effect of very intense noise on the second group of examinees. 
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TABLE 43 


FREQUENCY OF BASIC COMPLAINTS OF MACHINE OPERATORS AND METAL 
WORKERS AGED 21-40 YEARS 
(AFTER N. N. POKROVSK1Y) 


Complaints 


Increased fatigue + 2.3 
Irritability 11.2 + 1.8 13.6 + 2.0 
Pain around the 8.6 + 1.6 

heart “4 


There are distinctive features about the character of the headaches. They 
appear primarily at the end of the working day, at times, accompanied by noise 
and ringing in the ears, localized in the temporal-forehead area. The headache 
passes in 2-3 hours, but sometimes lasts longer. Complaints of dizziness are 
less frequent, primarily from pistol shooters. They often complain of irritability, 
fatigue, weakness, pain around the heart, emotional lability — they lose self- 
control at nothing. We see no correlation between reduced auditory function and 


autonomic syndromes or complaints about the heart. 


B. A. Krivoglaz, A. A. Model‘ et al., noted headaches, dizziness, increased 


irritability, and insomnia among workers in windirg shops. 


Ye. B. Reznikov (1966) detected functional disorders of the nervous system 
in a large number of stampers subjected to the effect of pulse noises; these 
became more pronounced as the time working under industrially noisy conditions 
increased. The author found a large number of complaints from workers in this 
occupation, — in the case of pulse noise with an intensity of 109-129 dB, — 
of headaches (78%) of various localization, most often in the forehead and temporal 
areas, which were often accompanied by nausea. They developed at the end of the 


working day and lasted several houra. In 11.5% of cases, headaches lasted longer. 
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TABi.E 44 


FREQUENCY OF BASIC COMPLAINTS OF SUBMACHINE GUNNERS AND PISTOL SHOOTERS 


Pistol shooters 


Complaints Absolute 


‘ number 

Headache 60.7 61.6 
Dizziness 25 20 
Fatigue, weakn2ea 38.4 58.3 
Irritability 45.5 50 
Emotional lability 32.1 13.3 
Sleep disorders 27 24.1 18.3 
Pain around the heart 46 41 15 
Palpitation 23 26.5 8.3 
Pains in the epigastrium 30 26.8 16.6 
and dyspepsia 

Decreased hearing 19 16.9 16.6 
Weight loss _ _ 10 
Increased perspiration | 25 j 22.3 38.3 


In 37.8% of etampera, dizziness wae observed, primarily after work and when 
turning the body auickly accompanied by tachycardia; they indicate the -ndoubted 
effect of noise on the vestibular apparatus. An analogous phenomenon was noted 
by B. A. Krivcglaz, A. A. Model’ et al. According to their data, excitability of 
the vestibular analysor was most of:en increased in workers in noisy factories 
and was vecy seldom decreased; sometimes, arymmetry was observed in the chronaxy 
indices used to determine the state oi excitation of this analysor in workers in 


the weaving industry. 


Analyzing the frequency of incividual complaints of the workers, we can see /219 
that the parameters of noise and its nature are undoubtedly very important; this 
especially pertains to the intensity of noise. When it is increased, the frequency 
of corplainte, particularly of general irritability, increase. However, not only 
ide intensity important, but the nature of the noise as well. Pulse noise of the 


game intensity as stable noise causes more negative emotions than the latter. 


N. N. Pakrovskiy found that 171 out of 995 workers in machine construction 
factories that he examined had distinct symptoms of the “irritable weakness" 
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syndrome. The main symptoms, according to the data of L. V. Gakkel' (1960), 

S. N. Davidenkov (1960) and A. Kreyndler (1963) are: asthenia, headaches, and 

sleep disturbances. Many of those suffering the irritable weakness syndrome indicate 
that industrial noise bothers them very much, cspecially zandom noise, —- an engine 
“unexpectedly starting up, a heavy meta! -wject falling to the ficor. Noises at 

home are especially irritating. There its hardly enough basis to assume that noise 

is the only etiological factor in the development of the irritable weakness syndrome, 


but it undoubtedly plays a leading role. 


We must not ignore the role of individual reactivity, but we can hardly attribute 
the moet importance to it. 


N. N. Pokrovskiy (1968), besides the group of metal workers, examined 224 
ep/nning factory workers (1), 292 workers in conditioning and winding shops (2) 
and 229 people in a third group (3). The first group worked in conditions of 
100 dB noise with maximum energy at 50-500 Hz; the second, in low-frequency noise 
conditions (maximum energy at 150-300 Hz) with en intensity of 90 dB; the third 
worked in conditions with « usise level uf 66 dB and maximum energy in the 50-400 Hz 
range. Table 45 lists the complaints noted in the workers he examined (aged 21-40 
years). 


The importance of noise intensity in the frequency of individual complaints is 
also clear in thia occupational group working in a noisy industry. 


Figure 61 gives the number of persons having the irritable weakness syndrome 


in three age groups of workers in the spinning industry. 


E. A. Drogichina and L. A. Kozlov (1957) also observed the irritable weakness 
syt.drome in workers in many noisy industries, as well as emotional instability, 
reduced attention and memory. Recently, several researchers have raised the 
question of the possible combined effect of two related mechanical factors —- noise 
and vibration. This question is particularly valid, as from a phylogenetic 
standpoint their role in knowing the world was very similar. 


If at lower stages of development of organisms intercourse with the surrounding 


world occurred— and in some it stili does — by means of contact receptors 


(vibration receptors-pacchionian bodies), highly-organized representatives become 
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TABLE 45 


THE FREQUENCY OF COMPLAINTS OF WOMEN WORKERS IN THE SPINNING 
INDUSTRY (AFTER N. N. POKROVSKIY) 


_.iIntensity of no‘se, dB _ 
00 90 _.__ [| 7 80 
—.Number of examinees  — _ 

ee (eee PE a 169 
Frequency of complaints _ 


Nature of Complaints 


abs. v4 

Increased irritability 21.943.4 26 |12.2+2,2 
Headaches 41.944.1 32 |15.142.5 
Dizzyness 18.5+3.2 35 | 16.542.5 
Pains around the heart 8.2+2.2 il 5.241.5 
Noise, ringing in ears 2.741.3 4 1.440.7 
Increased fatisue ; 18.543.2 7 3.3+ 
Poor sleep 18 [lem 21 | 9. 

familar with the world of sounds through distant receptors — organs of nearing. 


Therefore, it is possible to expect an increased effect of vibration with 
noise, or of noise with vibration. In this respect, the data cf N. N. Pokrovskiy 
are interesting about the frequency of complaints of those subjected to the effect 
of noise only, and noise combined with vibration. Complaints of increased 
irritability and perspiration are noted most often with the corbined effect of 
vibration and noise, while other complaints are essentially the same. With the effect 
of the two factors, the irritation syndrome was observed more often (37.1 + 4.7%) 
than with only noise (26.6 + 6.52). 


G. I. Zuyev (1969) and M. L. Khaymevich (1961), having examined trimmers and 
nailers, found a large percentage of complaints of irzitability, perspiration, and 
sleep distrubances in the first group. The intensity level of the noise during 
trimming work was between 118-121 dB, and during operation of the machines in the 
nailing shop — 96-103 dB, but the noise trauma was longer. The frequency of 


complaints and objective symptoms increased with work experience. 


Objective syndromes and symptoms. In conducting neurological examinations, a 
number of authors find no organic damage in the central and peripheral nervous 
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system, but clinical data of Soviet occupational pathologists indicate the 
possibility of their development. 4221 


Sometimes a listless reaction is observed in cranial nerves. Such a listless 
reaction of the pupils of the eye to light was noted by G. Z. Kumdina in pistol 
shooters and submachine gunners, and also inadequate convergence and slight nystagmoid 
twitchings. However, these symptoms are noted in isolated individuals, and can 
hardly be presented in connection with the effect of noise only. More indicative 
are the changes in the reflector sphere — increased tendon-periosteal reflexes 
accompanying the general psychomotor reaction. Table 46 gives the frequency of 


individual syndromes detected in examining pistol shocters and submachine gunners. 


The electroencephalographic research conducted on workers by E. A. Drogichina, 
L. Ye. Milkov and E. D. Cinzburg (1963, 1965) showed typical changes in the bio- 
electric activity of the brain indicated in the synchronization of potentials 
(agravation of alpha rhythm, appearance of slow waves). The authors also conducted 
laboratory studies with the effect of noise (110 dB) on the subjects. The changes 
they detected led them to assume that they are connected with weakening of the 
activating effects of the reticular formation on the cerebral cortex, which is 
verified by the research of A. V. Kadyskin. 


Bugard et al. (1957) recorded flattened electroencephalograms, almost devoid 
of alpha activity, in engine testers. 


Very important in pistol shooters and submachine gunners is tremor of the 
tingers of the extended hand (42-30%) and of the eyelide (32.1-26.5%), distal 
(32.1-50%) and general 22.3-33.3%), hyperhydrosis, as well as dermographia — bright, 
persistent (70.4-50%). However, these percentages can be different in other groups 
of workers. , 

Ye. B. Reznikov noted more pronounced reactions in the autoromic nervous 
system in examining stampers. In particular, dermographia was notea in 53.6% or 


more, tremor — in 47.9%, instability in the Romberg position — in 45.27. 
L. V. Fasler (1928), studying the estate of the health of nailers, working 


in conditions of intense noise, found in 106 out of 200, signs of functional 


depression of the central nervous system ("iffusion, lapses of memory, mental fatigue, 
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TABLE 46 


RESULTS OF NEUROLOGICAL EXAMINATION OF TISTOL SHOOTERS AND 
SUBMACHINE GUNNERS (AFTER G. Z. DUMKINA)* 


Pistol shooters] Submachine gunners 


Listless reaction of pupils of the eye 
to Jight and accomodation 


Reurological symptons 


Inadequate convergence 33 
Asymmetry of facial innervation 16 
Nystagmoid 5 
Increased tendo-pereostal reflexes: 
in hands 18,3 
in feet 11,6 


Reduced tendo-pereostal reflexes: 

in hands 

in feet 
Listlessness, lack of abdominal reflexes 
Tremor of fingers of extended hand 
Tremor of eyelids 
Instability in the Romberg position 
Distal hypalgesia 
General hyperhidrosis 
Distal hyperhidrosis 
Dermographia, intense, persistent 
Acrocyanosis 
Trophic changes in the skin 
Increased muscular excitability 
Khvostek symptom 
Symptom of oral automatism 


HK Bas a SSRaARBSEO wa 


“Commas represent decimal points. 


depression, apathy and listleseness, decreased attention). Analogous functional 
disturbancee of the nervous system of the neuras.henia tye were discovered by 
M. L. Khaymovich (1960) in this occupation. 


Depression of the autonomic nervous system Is more pronounced in workers 
subjected to the effect of noise with an intensity of 120 dB than in those working 
under noise conditions with a level of 95-100 dB. The inhibiting reaction, 
characterizing the preclinical phase of the effect of the noise factor on the {223 
organism, evidently largely reflects the compensatory-adaptational reaction of 


the organien. 
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Thermoregulatory processes are often 
disturbed under the influence of intense 
noise. The possibility of skin temperature 
being increased in conditions of intense 
noise is indicated by the research of 
S. S. Vishnevskiy and S. I. Gorshkov 
(1960) and others. The frequency of 
changes in body temperature, according 
to the data of S. V. Alekseyev and G. V. 


Suvorov (1965), rises in proportion to 


the increase of ‘noise intensity. 


Figure 61. The number of workers M. L. Khaymovich (1960), studying 
suffering the irritable weakness 
syndrome (in % of the number of 
examinees). according to Shcherbak’s method, found 
a —medium-frequency noise 100 dB; 
b — low-frequency noise 90 dB; 

c¢ — low-frequency noise 80 2B. the data of B. A. Krivoglaz, A. A. Model’, 
Columns with crosshatc _ 

ae 6 vette ies as B. G. Boyko, L. A.Zaritska (1967), D. P. 
shading — 21-40 years; with Kachalay, P. D. Volokh (1964), “temrex 
straight shading — over 40 years 
of age. 


the thermoregulatory reflex in riveters 


a change in many cases. According to 
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mosiac" type changes were often found in 
the skin topography of temperature, less 
often distal hypothermia and thermoasymmetry of the hemi-type were observed. 
Thermoasymmetry as a nonspecific symptom of the effect of noise is also indicated 
by A. P. Rusinova (1965) and other authors. 


At the same time, changes are detected in the - skin-galvanic reflex of those 
subjected to the effect of intense noise (L. P. Bruznes and A. A. Arkad'evskty, 
1956; A. I. Vozhzhova, 1960; Ye. Ts. Andreyeva-Salanina et al., and others). 


Study of the ocuJocardiac Aschner reflex in workers in "nuisy"™ industries 
conducted by many authors (L. F. Fasler, 1928; T. A. Orlova, 1958; I. Dimov et al., 
1960; L. Ye. Milkov, 1963a, and others) revealed a change in cardiac reactivity, 
often with a paradoxical reflex (lack of pulse reaction), sometimes with a distorted 
reflex. The frequency of such shifts rose {in proportion to the increased intensity 
of the noise. The orthostatic reflex can increase also (A. 1. Vozhzhova, 1969, 
and others). Hyporeactivity of sympathic sections of the nervous system is noted 
in workers with long work records, which is expressed in depression of the 
pilomotor reflex (E. A. Drogichina, 1957, and others), weaxening of skin reaction 
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in respense to intradermal injection of 
adrenalin (L. Ye. Milkova, 1963a), and 
lack of pulse reaction during study of the 


orthoclinostatic reflex. 
Among autonomic symptoms, Jansen (1959) 
pointed out pallor of the skin and mucous 


membranes (Figure 62). 


Determining the time of the latent 


period of the dermographia reaction does 
not show essential changes, but its length 


Figure 62 Autonomic disturbances“9™ be shortened (to 1-2 minutes, instead 


in workers .in noisy occupations of the normal 2-6), which indicates a 
(after Jansen). 


Vertically: 1— skin (pale); tendency of the capillaries toward spasm. 

2 — vascular disorders; 3 — This is also indicated by the weak reaction. 
heart condition; 4 — and 5 — 

changes in the mouth cavity and The use of adrenelin-histamine testing 
nasopharynx; 6 — disturbance of shows the lability of the vascular reaction 
equilibrium; 7 — status varico- 224 
aus; § — Khvostek reflex. oF: Fhe. ekan: => 
Columns: w«hite — all changes; 


with diagonal shading — noise 
ranges I and Il; with straight 


shading — noise ranges III reflexes in several groups of workers — 
and IV. 


Many researchers noted subcortical 


Khvostek, Khobotkov, Marinesco. The presence 
of these indicates existing functional disturbances of the nervous ‘system. 


It has already been indicated above that 4 basic syndromes are arbitrariiy 
distinguished, depending on clinical characteristics and the severity of noise 
pathology (E. A. Drogichina and L. Ye. Milkov). 

Clinical symptoms, indicating functional changes in the nervous system, can 
often appear in evidently healthy individuals who have worked for a long time under 
intense noise conditions. These include: reduction or (more rarely) increase 
of tendon reflexes, slight tremor of the fingers of an extended hand, depression of 
the palatal, swallowing, conjunctival and corneal reflexes, reduction of abdominal 
reflexes, unsteadiness in the Romberg position, gene~al hyperhidrosis and chilling 
of hands and feet, increased mechanical excitebility of the muscles, positive symptom 


of Khvostek, slight enlargement of the thyroid gland. 
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E. A. Drogichina and L. Ye. Milkov found in workers, including obviously 
healthy individuals, who had been subjected to the effect of 95-120 dB noise for 
a long time, increased functional activity of the thyroid gland with radioactive 
ifodine (1331), which primarily indicated functional rearrangement of the organism. 
In test conditions, an analogous level of noise, even with a brief effect, caused 
significant disturbances in the activity of endocrine glands of laboratory animals — 
adrenals, pituitary gland, thymus and sex glands. Experiments of Bugard (1955, 1225 
1958) on doge and rabbits during the effect of intense noise (130 dB) for 12-24 
hours also indicate increased functional activity of a number of endocrine glands — 
adrenal cortex, the anterior lobe of the pituitary gland and the thyroid gland. 
Deviations in the state of the analyzing functions are noted, including the skin 


analysor, as well as vascular instability. 


Functional disturbances of the nervous system can be either the hypersthenic 
or iiyposthenic type of neurosis in connection with other neurosis-like symptoms, 
including regional vascular disorders. The following case history can serve as 
an example of the initial symptoms of functional disturbances of the nervous 


system with an autonomic-vascular dysfunction course. 


Patient K-va, 33 years old, spinner, with 11 years experience working in 
noise conditions. She works 8 hours per cay. 


She entered the clinic with complaints of frequent headaches, irritability, 
increased fatigue, distrubed sleep (insomnia alternating with normal sleep and 
increased sleepiness during the day), reduced hearing, shortness of breath while 
walking rapidly and climbing stairs, cold feet. She bad suffered about 3 years. 
The disease had developed gradually from periodic headaches. 


Past diseases: frequent colds, occasional tonsillitis, in childhood — malaria, 


pneumonia, mumps. 


Neurologically, a lack of swallowing and palatal reflexes. Slight smoothing 
of the right nasopharyngeal fold. Slight deviation of the tip of the tongue to 
the right. Tremor of the eyelids and slight tremor of the fingers of the extended 
hands. Tendon reflexes lively, uniform, with the exception of increased knee 
reflexes. Abdominal reflexes were evenly reduced, toe reflexes were absent. Slight 


hypalgesia of the "high gloves" and "socks" type. Slight depression of cold, 
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tactile and vibration sensitivity in the hands and feet. Pilomotor reflex is 
depressed. Pale pink dermographia, disappearing in 15 seconds. Hands and feet 
cold. 


Capillaroscophically — symptoms of spastic-atony. Aschner reflex — 84/76, 
orthoclin static reflex — 84/92/64, arterial pressure — 115/65. 


Blood, urine and gastric juice analysis was normal. EKG — semihorizontal 
distribution of the electrical axis of the heart. Consultations with the 
gynecologist, therapist or pathological oculist were nct indicated. The optical 
floor is normal. Study of thyroid function did not reveal any deviations. 


The sugar curve is "double-humped," with a slow recovery time; a moderate 


reduction of tissue circulation was noted with the use of radioactive sodium. 


Diagnosis: autonomic-vascular dysfunction against a background of asthenic 


reactions. Slight bilateral hearing reduction of the cochlear neuritis type. 


Treatment was conducted with bromine with caffeine, dibasol, proserine, 
vitamins B, and C, pine baths, ionization with Cacl,. 


As a result of the treatment, sleep was normalized, headaches decreased, the 
extremities became warmer, feeling in the feet was restored. She was allowed to 


return to work. 


A pronounced asthenic(astheno-autonomic, astheno-neurotic) syndrome, 
connected with the effect of noise, is observed less often, usually with long 
work experience under conditions of intense noise (120-130 dB). [226 


In a number of industries, in connection with specific work and episodical 
or brief intense noise (jet engine testers, etc.), hearing difficulties might 
not appear. In such cases, a complex evaluation of the state of the nervous 
and cardio-vascular system is very important in clinical observation and work 
examination. However, because of the nonspecificity of the neuro-vascular syndrome, 
extreme care must be exercised in settling these questions, expecially if it is 
a matter of the systematic effect of noise of lower intensity (95-100 dB). 
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Patient M., 36 years old, driver . ith 12 years experience working with 
noise. The ailment developed gradually after 8 years of working under noisy 
conditions. He was troubled with headaches, poor sleep, pain in the stomach, com- 
bined with fatigue. Past diseases — malaria in childhood, gastritis. He smokes 


as many as 20 cigarettes a day. He is not an abuser of alcohol. 


Upon admittance, he complained of frequent headaches in the forehead area, 
ocassional pains around the heart, increased irritability, listlessness in the 
morning and increased fatigue, perspiration, depressed appetite, aching in the 
feet while resting. Emotional lability was noted, sleep disturbances with frequent 
nightmares. Pupils were rather narrow, S = d; pupil reaction to light, coavergence 
and accomodation were satisfactory. The right nasopharyngeal fold was smooth. 
Palatal reflex was reduced. Slight tremor of the fingers of outstretched hands 
and sweating in the Romberg position. Moderate hypoesthesia in the distai 
sections of the hands and feet. Reduction of vibration sensitivity, slight in 
the hands and pronounced in the fingers and the back of the feet. Tendon reflexes 
in the hands torpid, S = d, knee reflexes lively. Abdominal reflexes are quickly 
exhausted. Hands are moderately cyanctic, feet are colder then the hands. Pro- 
nounced underarm hyperhidrosis, hands and feet moist. Spastic-atony of the 
capillaries. The skin of the body is dry, mucous membranes are pale. Local red 
dermographia is absent. Reduced erythema in response to intradermal injection of 
histamine and adrenaline. Khvostek symptom is weak (+). Thyroid gland is 
ifucreased to I~-II stage. Study of its function with radioactive 1131 revealed 
significantly increased activity (17.6% —- after 2 hours; 45.1% — after 24 hours). 


Blood and urine analysis showed no pathology. Roentgenoscopy of the thorax 


normal, Arterial pressure — 140-90. Optic floor normal. 


Analysis of gastric juices showed a lack of free acid and a reduction (20) 
of general acidity. The reduction of tissue circulation during Aldrich testing 
was also studied with radioactive solium. Blood chlorides 445 mgZ%, cholesterol — 
230 mg2, amount of prothrombin — 972, lipoid phosphorour —- 7.6 mgZ, converted 
to lecithin — 190.0 mg%. Total protein of blood serum — 8.62%, albumin, 5.072, 
alpha-globulin 0.492, beta-globulin 0.97Z, gamma-globulin 1.36%, A/G coefficient — 
1.43. 


Study of ENT organs — no hearing loss detected. The patient was given a 
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complex of general strengthening and sedative treatment; physiotherapy and 
thyroid treatment were applied. Improvement was noted. In 2 months he was trans- 
ferred (according to the sick leave certificate) to a job without noise and 


vibration, anbulatory and sanatorium treatment was continued. 


However, the treatment was not permanent. After returning to his former job, 


the condition again deteriorated, and after repeated examination at ‘he Institute 
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he was placed in a job which excluded the noise-vibration factor. 


Diagnosis: astheno-autonomic syndrome with neurotic reactions and symptoms 


of hyperthyroidism in connection with the effect cf intense noise. 


This case is typical of the possibility of the gradual development of 


functional disorders of the nervous system with no disturbance of hearing sensitivity. 


According to the data of E. A. Drogichina and L. Ye. Milkov, they also 
occasionally observed typical diencephalic autonomic-vascular crises in persons 
whose work is conmecied wich tne eiiect of intense noise combined with neuro- 


psychic tension. 


In these individuals, usually against a background of a: asthenic condition, 
combined with iicreased sensitivity of a number of analysors, there developed 
cardiac, cerebral, or general autonomic-vascular crises. In some cases, a 


reduction of hearing was noted, and in others, an increase. 


Patient Z., 48 years old, technician. Subjected to intense noise for 22 


years while testing airplane engines. 


The disease developed gradually. After 11 years of work, he began to note 
headaches, and aching around the heart, of an episodical nature. For 2-3 years 
before admittance, the state of his health had deteriorated, headches and a feeling 
of heaviness in his head became constant, for which he repeatedly turned to medical 
help. A sudden noise at work caused a paroxysm of pains around the heart, accom- 


panied by sweating. 


He was kept in the local hospital for 2 weeks, where no pains were observed. 


However, subsequently, he was not able to work at his job, as noise provoked paing 
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around the heart. 


Upon admittance, a pronounced astheno-neurotic condition was noted in the 
patient: constant headaches in the forehead area, heaviness in the head, in- 
creasing during agitation of prolonged conversation in aoisy conditions; pains 
in the area of the heart with irradiation to the left arm and hand: emotional 
lability, poor spirits (fics of weeping), sleepiness during the day, aches in the 
feet at night (revealed by cooling). Symptoms of hyperacusis. Orbital opening 
d< S&S. Pupils S = d, narrowed, with satisfactory reactions to light and con- 
vergence. Swallowing and palatal reflex reduced. Sweating in the Romberg 
position. Pereostal and tendon refleres lively, § = d. No pathological reflexes. 
Slight reduction of vibration sensitivity in distal sections of the hands and 
feet. Feet somewhat cold. Pilorotor reaction increased. Dermographia pale, 
shortened. Aschner reflex — 66/68. Orthostatic reflex — 68/76. Ap — 130/75 
(humeral), 70/41 (temporal), temporal~humeral coefficient — 0.54. 


A reduction was noted in the latent period of ultraviolet erythema, reduction 
of the eryinemai reaction in response to the intradermal injection of histamine 
and adrenaline, a tendency of the capillaries toward spastic-atony, contraction 
of the small arteries in the retina, pronounced slowing down of tissue circulation 


in a study with radioactive na24, 


On the EKG — indications of slight changes in the myocardjum. ENT organs; 
slight reduction of hearing sensitivity in the area of high-frequency reception 
(4096 and 2048 Hz) from the left. 


Blood, urine and gastric juice analysis showed no pathology. Blood chlorides 
— 457 mgZ% (NaCl), cholesterol — 285 mgZ, prothrombin — 83%, lipoid phosphorus 
— 6.2 mgZ, converted to lecithin 155.0 mgZ, total protein content in serum — 
8.92%, albumin — 4.84%, alpha-globulin 0.44%, beta-globulin 0.86%, gamma-globulin /228 
1.89%. A/G coefficient — 1.19. 


The following case history presents an instance of cataleptic seizures 


developing during prolonged intense noise of a stable level (114-122 dB). 


Patient F-ov, 54 years old, foreman of a ball-beating shop. 25 years spent 
working under noise conditions. 
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During the last 2-3 years, the patient had experienced sudden attacks of 
weakness in his legs while walking, and had more than once fallen in the street. 
There was no loss of consciousness; there was no difinite relation of these attacks 


to an emotional factor. 


A number of autonomic-vascular dysfunction type deviations was noted in the 
patient (pains around the heart, irritability, troubled sleep, etc.). Tremor is 
observed in the fingers, a reduction of all tendon reflexes with anisoreflection 
of knee reflexes (d < S). No abdominal reflexes are provoked except a medium 
abdominal reflex. Slight hypoesthesia of pain and cold sensitivity in the hands 
and feet, more pronounced reduction of vibration sensitivity in the hands, and 
eapecially in the feet. Cold feet. Local dermographia weak changing to white. 
Erythemal reaction in response to intradermal injection of histamine and adrenaline 
reduced. Spastic-atoral state of the capillaries. Ocular floor normal. Oculo- 
cardiac reflex — 68/88. Orthostatic reflex — 68/76. AP — 125/75 (humeral) and 
70/45 (temporal). Temporal-humeral coefficient 0.56. 


The EXG sliows siight sinus tachycardia and horizontal location of the electrical 
axis of the heart. A slight change in intra-precordial and intra-ventricular 
conductance. A heightened reaction of the skin to ultraviolet radiation is noted. 


Sugar curve is deuble-humped, blood chloride — 444 mg% (NaCl), cholesterol 
—— 430 mgZ, lipoid phosphorus — 10.1 mg%Z, converted to lecithin — 252 mgiZ, 
amount of prothrombin — 882, Ca content — 9.4 mgZ, K — 18.1%. 


In studying hearing, moderate bilateral deafness of the cochlear neuritis 


type is found. 


Treatment included belloid, dimedrol, injections of proserine, vitamin By 
and symptomatic therapy. While he was in the clinic, no severe prroxysns were 


experienced by the patient. 


Thus, the patient with occupational hearing reduction during the prolonged 
effect of intense high-frequency noise experienced weakness attacks of the 
cataleptic type. The hypothalamic character of these attacks is largely indicated 
by disturbances found in studying certain aspects of metabolism (shifts in the 
state of protein and carbohydrate exchange, increased lipides aad cholesterol in 
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the blood); the participation of the hypothalamic region was also indicated by the 


shortening of the latent period of ultraviolet erythema and other signs. 


We do not exclude the possibility that vascular disorders in the hypothalamic 
area itself and possibly cortical disorders are at the root of existing damage. 


Organic forme of pathology of the nervous system (encephalopathy) are /229 
observed in exceptional cases and only in those connected with testing motors 
where intense noise, exceeding 120-150 dB for a long time, can cause changes 


similar to air trauma. This form is practically never encountered now. 


Analysis of archive material has shown that the development of organic forms 
of pathology, is preceded by a period evidencing the clinical pattern of functional 
damage to the nervcus system (E. A. Drogichina ard L. Ye. Milkov). 


Encephalopathy caused by the prolonged effect of intense noise has no 
specific characteristics and does noz differ from encephalopathy of different etiology 
(traumatic, toxic, hypertonic). Dominant in the clinical pattern are a persistent 
pain syndrome, astheno-neurotic, vascular and psychosensory disturbances, signs 
of hypothalamic inadequacy, organic symptoms (nystagmus, nystamoid, inadequacy 
of 7th and llth pairs of cranial nerves, “spotty” or distal type sensitivity 
disturbances; possible epileptiform attacks). Hearing is not always affected. 


It is typical that, when the worker is removed from contact with the noise, 
attacks do not cecommence, which, to a large degree, indicates the vascular origin 


of these disturbances. 


The use of various methods to study the functional state of the central nervous 
system has given an icea of those complex processes which develop as a result of 
the noise stimulus. N. N. Pokrovskiy determined the threshold of the electric 
sensitivity of the visual analysor to determine the resistance of the nervous 
system of worker. in noisy factories. Two groups were selected: one included 
workers sufferiug the syndrome of irritable weakness, the second was neurologically 
healthy. Besides the symptoms already noted, objective observations were made in 
the first group of a perverted Erben‘s reflex, namely — acceleration of the pulse 
on squatting down with the head bent downward. Normally, as ie known, the pulee 


slows down. 
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The initial thresholds of electric sensitivity of the visual analysor in those 
suffering the irritzble weakness syndrome are lower than in healthy individuals, 
which agrees with other symptoms noted in this group cf workers. The nature of 
the change itn electrical sensitivity varied: in some it wes increased after a 
sound load; in others — it was reduced. Thus, using this method, it was possible 
to establish, in some cases, the presence cf an inhibitory process in the cerebral 
cortex (with increased threshold), and in others — an excitory process (reduced 
threshold). 


The material obtained by N. N. Pokrovskiy suggests the use of this method in 
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preliminary medical examinations to predict the development of noise sickness. 
I: is especially important in admitting workers under 18 years of age to noisy 


shops. 


The greatest changes in electrical sensitivity of the eye are observed in 


those workers who work under pulse noise. 


Data on the state of the autonomic nervous system of workers in noisy 
occupations were obtained by many occupatioral pathologists (E. A. Drogichina, 
L. Ye. Milkov, M. L. Khaymovich, and others). In examining workers under intense 
noise conditions, E. A. Drogichina found reduced excitability of autonomic 
sections of the nervous system, inertia of autonomic-vascular reactions, depression 
of dermographia, pilomotor and several unconditioned reflexes. 


G. Z. Dumkina, studying the state of several autonomic reactions, particularly 
the oculocardiac and ertho- and clinostatic reflexes, in the same way as B. A. 
Krivoglaz, A. A. Model’ et al., found various directions of the reactivity of the 
workers tested. Reactions in some examinees might be adequate, but excessively 


strong, in others -— distorted, and in still others — lacking or not strong enough. 


In studying the oculocardiac reflex, a tendency was noted tcward depression 
of the reaction, variously expressed in 1ifferent groups of workers, due in particular 
to different parameters of the noise. With adequate, but distorted reactions, 
acceleration of pulse is observed instead of slowing down. In studying the 
clinostatic reflex, on the other hand, slowing down of the pulse rate was noted. 


The orthostatic reflex most often remained normal. 
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L. A. Zaritskaya, using ortho- and clinostatic testing, noted most often an 
inadequate ceaction of arterial pressure (increased systolic pressure during 


ortho-tesgting and a redi:ction during clino-testing). 


E. A. Drogichina (1957), in examining airplane motor testers, noted a syndrome 
of irritable weakness, characterized by considerable fatigue, decreased working 
capacity, emotional instability, reduced attention, memory and other symptoms. 

In 45 — 30% of the examined individuals, subjected to the effect of intense noise 


(136 dB), an analogous “noise syndrome" was also noted by other researchers. 


During the prolonged effect of noise, Bugard, Souvras and Salle’ (1957) 
found vascular hypotonia, loss of weight, muscle weakness and several shifts in 


the hematogenic system (moderate eosinopenia and neutropenia, relative lymphocytosis, 
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A comparison of the data of G. Z. Dumkina with that obtained by B. A. Krivogilaz, 
A. A. Model’ et al., convinces us cf their agreement. They also ivund deviation 
from normal in pulse rate and in the dynamics of arterial pressure, indicating 
dysfunction of the autonomic nervous system with predominance of the tone of its 


syopathetic or parasympathetic sections. 


Ye. Te. Andreyeva-Galanina, A. V. Kadyskin and 0. M. Rukavtsev used the 
method of determining the galvanodermal reflex to evaluate the cendition of the 
sutonomic nervous system in sewing machine operators working under the effect of 
noise (97-105 dB) with maximum sound energy between 4000-8000 Hz. A rapid drop in 
the electric resistance of the skin 4a observed in newer workers, reaching 10-25% 
of the original amount ut the end of work shift. The galvanodermal reflex, 
as is known, is considered to be a component of the total autonomic reaction of 


the organism, accomplished through the sympathetic nervous system. 


M. L. Khaymovich also determined the thermoregulatory reflex (according to 
Shcherbak as modified by Terner) in nailers to evaluate the state of the autonomic 
nervous system. The longer the work, the more pathological were the changes. 
Most often observed was its reduction or inertia, Functional disorders occuring 
in workers subjected to the effect of noise very clearly depend on the spectral 
character of the noise, especially on its intensity. Lessgei changes are caused 


by low-frequency noise and medium and high-frequencites below 80 dB. Disturbances 
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to the central nervous system are characteristic of the astheno-autonomic or 
astheno-neurotic syndrome and vascular-autonomic disfunction (L. Ye. Milkov, 1960). 
In isolated cases the author observed migraine-like syndrome and vestibulopathy, 
which was noted by B. A. Krivoglaz and A. A. Model’. His data suggests that 
asthenic and neurotic symupotoms are usually combined with changes in the acoustic 
analysor. However, this is not always so, and a pronounced disturbance of the 
acoustic function appears later than change in the functional state of the central 


nervous system. 


Astheno-autonomic, astheno-neurotic syndromes and autonomic-vascular 
dysfunction are characteristic of noise pathology. Besides their being established 
in workers of noisy industries by L. Ye. Milkov (1963), they were also noted in 
other noisy occupations by M. L. Khaymovich, N. N. Pokrovskiy, G. Z. Dumkina, 

Ye. B. Reznikov and others. That noise ig a factor leading to the development of 1232 
functional disorders in the central nervous system is indicated by the progression of 
neurological syxcptoms with work experience. This is verified by the research data 

of M. L. Khaymovich (1960) and Ye, PB, Retntkova, whe determined che Latent period 

of the conditioned motor reflex (to strong and weak light stimulus). The first 
determination was made in nailers, the second in stampers. The first were affected 
by noise with an intensity of 100-102 dB, and the second —~- by 109-129 dB. Both 
authors noted lengthening of the latent period of a conditioned motor reflex to 

both strong and weak light stimuli with increased work experience. In nailers, 

the average values of the latent period for a strong light with work experience 

less than 5 years was 262 relative units; with work experience up to 10 years — 


299 units. They were correspondingly greater for a weak light. 


This phenomenon was also observed by Ye. B. Reznikov. in stampern with up to 
5 years work experience, the latent period was 429 msec, and up to 10 years it wae 
449 msec for a strong light; for a weak light it was 455 msec, and 486 msec, respectively. 
Thue, 9s the yeare of work increased, the length rises markedly. The latent period 
aiso lengthened durjug the course of the day. Without doubt. this all indicates 


change in the mobility of cortical processes and pathological inertia. 


Pachological vascu‘ar reactious in response to a thermal stimulus are detected 
in persons subjected to noise during work: 1) adequate, but extremel, severe 
_rer :iona — constriction to cold and dilatic: to heat; 2) adequate but weak; 


wnadequate, perverse reactions when vessels are dilated during the effect ox 


240 


cold and constricted during heat; 4) lack of reaction and 5) wave reactions 
during the effect of heat when alternation of pressor and depressor reactions 

was observed (B. A. Krivoglaz, A. A. Model’ et al., 1967). Th authors indicate 
that the nature of the vascular reaction indicated disturbed strength, evenness, 


and mobility of nerve processes and was similar to that observed in neurotics. 


T. A. Orlova (1958) noted in jet engine testers (noise with an intensity of 
140 dB), in the majority of cases, significant changes in blood pressure, its 
increase, or vice versa, its decrease. L. A. Zaritskaya found arterial hypotonia 
(in 1/9 of the examinees), and asymmetry of arterial pressure (systolic and 
diastolic) in spinners. She obtained interesting data in regional measurements 
of arterial pressure (state of temporal-humeral coefficient). Examining spinners 


and weavers, the author found an increase in 44.52 and an decrease in 19.4%. The 
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degree and expression of these changes were different. Most often (50%) a 23 
deviation from normal ratios was found in all arteries examined. For example, 
asymmetry or reduced arterial pressure is noted combined with increased pressure 

in the lower extremities and changes in the temporal-humeral coefficient.., Less 
often, the author noted (20%) changes in vascular tone only in certain arteries, 
for example disturbance of true ratios between pressure in the vessels of upper 

and lower extremities, or asymmetry in the humeral arteries combined with a reduced 
temporal-humeral coefficient. L. A. Zaritskaya considered these changes to he a 
moderate degree of vascular tone damage. Much less frequently in this group of 
workers there were changes only in one particular vascular area — in temporal, 
humoral arteries, or those of the skin, considered by the author as slight shifts 


in vascular tone. 


In workers in weaving and spinning shops of the weaving-spinning industry 
(noise is high-frequency at a level of 94-101 dB) I. A. Benyumov (1963) found 
arterial pressure depended on the functional state of their nervous system. In 
obviously healthy individuals the change in arterial pressure was seen in 13.42% of 
those examined; of these, 8.7% had hypotonia, 1.7% —— hypertonia and in 3.02% 
asymmetry of the arterial pressure Index was observed. With functional changes 
of the nervous system, hypotonia was 9.2%, hypertonia —— 3.0%, asymmetry — 3.8%. 
Hypotonia was most often seen in newer workers (9.4%), hypertunia increased in 
proportion to the longer work experience in noise (from 1.7 to 3.4%), asymmetry of 
arterial pressure was primarily noted in the medium-stage group. Hypotonia 
was most often observed in the spinners (12%), in the weaving factory workers it was 


noted in only 7.52; asymmetry of arterial pressure indices was noted in the spinning 
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factory workers in 5.2%, and in the weaving factory — 2.52%. 


N. ON. Shatalov, 0. A. Saytanov, auc K. V. Glotova (1962) examined spinning 
factory workers who were subjected to the effect of medium and high-frequency 
noise (400-6400 Hz) with an intensity of 85-95 dB, and workers in a “ball 
factory, where the noise background was more intense (114-120 dB) with the same 
spectral composition. They observed both an increase (in 7.6% of cases) and a 
decrease of blood pressure (in 12.3%). The most pronounced changes in vascular 
tone were seen in workers during testing under load. Immediately after the load, 
the authors observed increased minimum and mean preseure, as well as increased 
oscillator index, which indicated a hypertensive reaction. Pressure was restored 
in 3 minutes after the load, and even had a tendency toward reduction. After the 
working day ended, a decrease in maximum and mean pressure was observed in the 


workers. 


In analyzing the electrocardiograms, the author>“found several changes in 
rhythm and intraventricular conductance. Sinus bradycardia or bradyrhythmia was 
observed in 45.2%, intraventricular conductance (QRST) was on the upper limit of 
normal or slowed down; less often they noted a reduction and a smoothing out 
or two-phase character (+) of deflection T, recorded in 2 or more leads. 


Later N. N. Shatalov, V. Ye. Ostapkovich and N. I. Ponomareva (1968) - 
conducted an analogous examination of the state of the cardio-vascular system in 
workers of other factories, working in conditions of the same noise parameters. 

Change in the state of blood pressure, according to their data, occurs earlier 
than hearing difficulties. From this the authors conclvde that in the development 


of occupational deafness the role of vascular damage is uot excluded. ~~ 


A. P. Rusinova and L. P. Radionova (1968) examined the condition of the 
cardio-vascular system in workers in the rope twisting industry. The authors con- 
ducted observations for 8 years. The workers were subjected to the effect of 
intense (92-117 dB) medium- and high-frequency noise. Persons working in noise 
conditions with an intensity of 95-117 dB often had functional changes in the cardio- 
vascular system; a higher level of mean hemodynamic pressure, as well as lability 
in performing tests under load. The most unfavorable indices were in workets ov>r 
40 years of age. Hypertonic disease was encountered twice as often in them as 


in workurs of the same age, who worked in more favorable conditions. Hypertonic 
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disease assumed a more serious course in these people; in 5 it was complicated by 
coronary disturbances. In workers over 40, deviations in lipide exchange app2ared 
as hypercholesterolemia. The increase of cholester: the blood depended on work 


experience. 


L. A. Zaritskaya and D. P. Kachalay (1964), in determining arterial pressure 
in workers in the spinning-weaving industry, found arterial hypotonia in 35% of 107 
examiness, asymmetry of arterial blood pressure (systolic and diastolic) in 
27.8;,, and arterial hypertonia in 13.9%. Arterial hypotonia often occurs without 
disturbing the organ of hearing, and when its function is. damaged autonomic-vascular 
changes were less pronounced. Asymmetry of skin temperature of the hemitype was 
noted in these workers (15.2%) as well as the distal type (12.1%), an inadequate 


reaction to heat and cold stimuli and inertia of the vascular reactions. /235 


These vascular disturbances are distinguished by their phase character and do 


not always coincide with changes of the auditory function. 


N. T. Svistunov observed increased blood pressure in electrical machine testers 
3 times more often and decreased pressure 2 1/2 times more often than that of the 
control group. A hypotensive condition is primarily observed in young workers 
with little work experience. 


Often maximum arterial pressure, normal before work, had increased to 165 mm 
Hg or more by the end of the day. Maximum and mean arterial pressure often i 


increased, cheifly in those with initial high pressure. 


N. T. Svistunov (1968) observed a hypotensive condition in rewer electric 
machine testers and a hypertensive state in the more experienced workers. At 


the same time, he found heightened arterial preseure and vascular tone. 


L. Ye. Milkov (1963), as well as N. N. Shatalov et al., found a varying direction 
of the cardio-vascular reaction in workers in noisy occupations (intensity of noise 
114-129 dB of. medium and high frequency). 


G. Z. Dumkina (1965) examined the condition of the cardio-vascular system 
in pistol shooters and submachine gunners, taking into account anamnestic data 
to exclude those who had a past iistory of hypertonic disease. Her studies of 


the state of the cardio-vascular system, as those of the authors cited above, 
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implies that noise leads to vascular dysfunction, changes in blood pressure, dis- 


turbed rhythm of cardiac activity (bradycardia, sinus arhythmia). 


N. N. Pakrovekiy (1967) studied the state of the cardio-vascular system in 
machine construction factory workers. In a large number of the people they examined 
(1069 men), they noted complaints, on the basis of which they could assume the 
presence of functional disturbances of the cardio~vascular system — shooting and 
aching pains around the heart, and palpitations. The frequency of complaints 
increases with age and appear in the greater percentage of cases of workers sub- 
jected to the effect of impulse noise (90-95 dB). Systolic pressure was practically 


the same in the workers (difference in statistical analysis was insignificant). 


In examinees of all age groups, deviations in blood pressure were most often 


encountered on thé side of decrease (exception — aged 41 or more) than increase. 


An analysis of deviations in blood pressure from normal, in relation to years /236 
of work experience in noise conditions, showed that they do not differ from the 
resulte of analyzing these wilh relatioa iv age. The material obtained by N. N. 
Pokrovskiy shows that industzial noise can lead to the development of a hypotonic 
or hypertonic condition. The degree of fluctuations ox systolic pressure under 
the effect of noise increases in persons with normal blood pressure, and in those 
inclined toward hypertension or hypotension, under the effect of noise the variation 


of systolic pressure is higher than in those with normal tone. 


B. A. Krivoglaz et al., (1966), studying the health of workers in the spinning- 
weaving induscry, subjected to the effect of high- and medium-frequency noise, 


exceeding the permissible safe levels by 4-24 dB, often found arterial hypotonia. 


A. A. Andryukin (196la, b) analyzed the arterial pressure of 1232 workers in 
tool, separator, automatic machine and ball shops of a ball bearing factory. They 
established that during the effect of a constant noise with an intensity above 93 dB 
and a frequency over 3000 Hz, hypertonic disease is encourtered more often than 
among workers of other factories in the city of Moscow. In shops with more intense 
and higher frequency noise, this disease is seen more often than in less noisy shops. 


The number of "hyperreactors" 


among the workers of noisy shops is greater than 
among those working in other Moscow industries. Work experience in conditions of 


intense noise is very important in the development of hypertonic disease: the 
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longer the time, the higher the disease rate. 


Vv. I. Skok (1964) measured arterial pressure throughout the working day 
in nailing shop workers (level of noise was 95-105 dB). His research showed 
that arterial pressure in some workers increases during work, but in others, 
on the other hand, it decreases. As age increases, the number of workers with 
heightened artezial pressure by the end of che shift increases. The dynamics 
of changes in arterial pressure in different shifts is not the same for different 
ages. In workers aged 30-39, there were slight changer during all three shifts. 
In the other age groups, changes were most often found in the morning shift. 
In comparing arterial pressure during work with normal daily variations, either 
complete or partial perversion of the daily curve is noted, primarily in the 
night shift. 


A. P. Rusinova (1963 and 1968} indicates the instability of arterial pressure 
tudec the effect of noise. According to the data of L. Ya. Basamygina (1963), 
noise caus:s a reduction in 30.52% of cases and an increase of arterial pressure 
in 15.2%. With the cevelopment of the so-called noise disease, incrensed arterial 


pressure was noted in 472, decrease in 23.62%. 


Usually no parallelism between changes in individual indices of arterial 
pressure was observed. A. M. Volkov (1958) found primarily an increase in the 
maximum index. A. P. Rusinova (1963), besides change in maximum and minimum 
indices, found an increase in mean dynamic pressure, as well. A. I. Vozhzhova, 
and I. A. Sapov (1960) in functional testing of the cardio-vascular system, con- 
ducted after the effect of noise, found an increase in pulse pressure basically 


due to the increased maximum index. 


According to the observations of N. N. Shatalov, for those systematically 
working under conditions of intense noise, the most characteristic feature is the 


increased lability of pulse rate and arterial pressure. 


A study of pulses in workers in "noisy" occupations showed that durirg a brief 
time ite frequency can change widely (up to 20 or more beats per minute). At rest, 
a tendency is most often noted toward bradycardia; in the first hours of the 


working shift the pulse increases in frequency, and by the end is again reduced. 
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N. N. Pokrovskiy, determining the pulse rate in workera with blood pressure 
disturbances, found significantly more changes than in workers with normal blood 
pressure. In workers with increased blood pressure, even working under 
conditions with noise at 80-85 dB, the pulse increased 15.5% in frequency during 
the shift, while with normal pressure, it increased only 6.9%, and in those with 
low pressure — 11.5%. In those who work under intense noise (90-95 dB), it 
was increased a greater number of beats than under the effect of less intense 
noise (80-85 dB). 


The effect cf noise on the condition of the cardio-vascular system in spinners 
(medium-frequency noise with an intenslty of 100 dB) a: knitters (low-frequency 
noise with an intensity of 90 dB and, more often, 80 dB) is seen in a hypotensive 
reaction (systolic and diastolic hypotonia) and, in increased pressure (systolic 
and diastolic hypertonia). Consequently, the effect of noise of any kind and of 
sufficient intensity leads to a change in the functional condition of the cardio- 
vascular system. Only its expression can be different, depending on the parameters 
and nature of the noise, its time of action (work experience), age of the workers, 
and the initial condition of the organiem. 


The electrocardiograms of workers in many noisy shops show a tendency toward /238 
both shortening (especially at the inhalation level), and lengthening of R-R, 
increased time of electric systole of the heart and systolic index, lengthening 
of the P-Q interval, displacement of the S-T segment above or below the isoelectric 
line. Besides the enumerated characteristics, V. A. Krivoglaz, A. A. Model’ et al. 
also noted in spinning-weaving industry workers, although infrequently, deformation 
of the T wave, reduced voltage of the EKG deflections, and increased length of 
systole (QRST). These data, in combination with the characteristic physical 
symptoms (slight increase in the dimensions of cardiac dullness, muffling cf heart 
tones, functional systolic noise in the apex), enabled the authors to assume the 


presence in these workers of miocardial dystrophy, often combined with arterial 
hypotonia. 


N. N. Shatalov, A. 0, Saytanov, and K. V. Glotova (1962), examining workers 
subjected to the effect of intense wide-band noise, dominated by high frequencies, 
often found changes in the electrocardiograms, in spite of the lack of clinical 
data indicating organic disease of the cardio-vascular system. They most often 
noted sinus bradycardia and bradyarthythmia, as well as a tendency toward slowing 
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down of intraventricular conductance was encountered more often. It was, however, 


less pronounced. 


Electrocardiographic studies, which they conducted during the working day, 
revealed a tendency toward slowing down of rhythm by the end of the shift, and in 
.gome cases toward a decrease of the T wave, developing in parallel with deteriorating 


ballistocardiographic indices. 


Phase analysis of the mechanical system of the ventricles, conducted 
by parallel tracing of phonocardiograms and electrocardiograms, showed that the 
contracting function of the myocardium in most examinees was not disturbed. 
A tendency toward lengthening mechanical systole was noted only in isolated individuals 
with pronounced sinus bradycardia. 

Shifts found in electrocardiographic studies are regarded as the expression 
of neuro-reflex regulation disturbances, as functional disturbances in the 
nervous system were also found in ti.e examined workers. This frequency increased 
in proportion to the increased intensity of the noise and the tine of working 
under its action. 

J 

For a more complete evaluation of the functional state of the heart muscles 
themselves and the entire circulatory apparatus under the effect of noise, N. N. 
Shatalov determined the minute volume of circulation. These data show that the 
etroke volume of che heart and the minute volume of circulation are often altered £239 
in workers under the condit!ons of noise. Comparing indices of minute volume 
of circulation with stroke volume of the heart and the frequency of heart contractions, 
it can be noted that a change in the minute volume of circulation was more often 
caused by a change in the frequency of heart contractions, less frequently — due 


to stroke volume. 


Some authors found damage to coronary and cerebral circulation during the effect, 
of noise. 
wanes | x 
Koerrep (1955) attributed great importance to the systematic effect of noise 
in the development of stenocardia in workers in "noisy" occupations. In his 
opinion, py causing functional cardio-vascular distrubances, this leads to the 


development of coronary spasms. 
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According to the data of V. Ye. Lyubomudrov, B. N. Onopko, and L. Ya. Basamygina 
(1968), nu: .2 in a number of cases causes coronary insufficiency with symptoms of 


etenocardia, and sometimes myocardial infarction as well. 


Significant vascular disturbances of the central nervous system in response 
to the effect of a sound stimulus are indicated by G. L. Tokhadze (1956), L. V. 
Krushinskiy, and L. N. Molodkina (1950). 


According to the data of N. N. Shatalov, moderate constriction of the arteries 


in the bottom of the eye are often encountered in those working under intense noise, 
sometimes combined with dilation of veins. 


N. N. Shatalov (1966) on the basis of the distribution rate of a pulse wave 
and the determination of the elastic modulus of vascular wally showed that under 
the effect of intense wide-band noise, in whose spectrum high frequencies pre- 
dominated, increased tone of arterial vessels is noted of both the elastic and 
muscular type. However, the degree of its increase is more pronounced for muscular 


type vessels. 


A. I. Vozhzhova, and I. A. Sapov (1960), examining machine operators, working 
in coniitions of high-frequency noise with an intensity of 124 dB, found constriction 
of blood vessels by capillaroscopy. At the same time, skin temperature in the 
area of the hands and feet decreased by 1.5 - 5.5° C. 


L. Ye. Milkov (1963) also often discovered spasm or inclination toward spasm 
of the capillaries of the underlying bed in persons subjected to the systematic 
effect of noise with a level of 100 dB. Much less often, normal capilJaries 
are encountered or spastic-atonia and their atonic condition. The spastic state 
of the capillaries was also found in persons who worked briefly under conditions 
of noise, which led the author to assume early changes in the capillary channel. 
At the same tine, in these same workers, L. Ye. Milkov conducted a study of tissue 
circulation ir the hands with the help of radioactive sodium (na24y which showed 1240 


that tissue circulation there was reduced primarily in the presence of capillary 


epasms. 


Tl: plethysmographic data from persone subjected to the effect of noise is 
interesting (N. N. Kravkov, 1958). 
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kecently a great deal of attention has been given to studying the effect of 


pulse noise. 


Ye. Ts. Andreyeva-Gelanina, and G. A. Suvorov (1968) point out that biclogical 
effect of pulse noise differs significantly from stable. Therefore, there is 
a basis for assuming that its effect on the cardio-vascular system will also 


differ in comparison with s‘able noise. 


of the attendent factors of industrial noise, which in comtination with noise 
have an especially unfavorable effect on the cardio-vascular system, we must note 
neuro-emotional tension. According to the data of Ye. Ts. Andreyeva-Galanina, 
G. A, Suvorov, and A. V. Kadyskin (1968), as well as the observations of N. N. 
Shetalov, among people whose work is connected with the effect of noise and nervous 
and emotional tension, hypertonic disease is encountered more often than in those 


where this is absent. 


On the basis of these clinical observations and experimental research, it is 
sate to say that changes in the cardio-vascular system are very typical of the 


effect of noise, and their clinical pattern indicatea neurocirculatory dysfunction. 


Very important are questions concerning the nature and expression of hemodynamic 
disorders, caused by the effect of noise in connection with its intensity and 
spectral composition, the presence of attendent factors of the industrial medium, 
the state of hearing, as well as the effect of functional disturbances discovered 

_in hemodynamics on the frequency of cardio-vascular diseases in persons in “noisy” 


occupations. 


A. P. Rusinova, and L. P. Rodionova (1968), on the basis of eight years of 
observing workers subjected to the effect of stable medium- and high-frequency 
noise, concluded that the functional damage to the cardio-vasculer system, which 
originally develops under the effect of noise, in time helps develop hypertonic 


disease and coronary damages. 


These data indicate that intense noise is one of those unfavorable industrial 
factora which cause a number of functional disorders in the cardio-vascular system 
of the neurocirculatory dysfunction type. Therefore, there is every basis for 


stating that neurocirculatory dysfunction in certain instances can be considered /241 
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as one of the syndromes inherent in the effect of noise. 


Hemodynamic disorders during the effect of noise often precede the development 
of permanent changes in the acoustic analysor. Disorders of the neuro-reflector 
regulatory system of circulation play an important role in cardio-vascular damage. 
Evidently, the functional disturbances which originally appear in the regulation 
of hemodynamics under the effect of noise can in time also lead to permanent changes 
in vascular tone. This can most likely explain the frequency of hypertensive 
conditions in persons working under intense noise, especially when it is combined 


with nervous and emotional tension. 


Differential diagnostics of neurocirculatory dysfunction, due to the effect 
of noise, often causes greater difficulties, especially when signs of occupational 
cochlear neuritis are absent. In making a diagnosis, it is necessary to exclude 
other etiological factors which accompany the development of neurocirculatory 
dysfunction (mental and emotional aspects, organic diseases of the nervous and 
cardio-vascular system, etc.). In each individual case, it is alan neeessary 
to consider specific working conditions, the job experience working in noise conditions, 
the state of health before working in noise, the development time of neuro- 
circulatory dysfunction, the presence and nature of changes in the nervous system 
and hearing. 


As neurocirculatory dysfunction under the effect of noise is primaily due to 
functional disturbances in higher nervous activity and autonomic centers, therapeutic 
measures in such cases must be directed toward regulating the nervous system ani 


normalizing reflex reactions of the cardio-vascular system. 


Functional state of digestion. Workers in "noisy" occupations often complain 
of stomach dysfunction. Of . special interest, therefore, is the research of B. A. 
Krivoglaz, and A. A. Model’. Studying the secretory function of the stomach, they 
most often found weakening, and less frequently — intensification. In one third 
ef those examined, a reduction in the acidity of stomach contents was fourd; much 
less often, an increase was noted. Fractional study of stomach contents showed a 
depression of hourly rate of secretion in one third of those examined; lese often 
it increased. 


Paradoxical reactions were observed to the introduction of various stimuli. 
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Thus, with Boas-Ewald's test meal, the acidity of the stomach contents was normal 
or increased. After the administration of a stronger stimulus (alcohol) to these 
same people, the acidity decreased in a number of cases. Curves of gastric secretion 


show its pathological types; excitable, asthenic, inert and inhibited. 1242 


The evacuatory function of the stomach was disturbed in more tt-an half of 


those examined, prinarily slowed down, less often — accelerated. 


In roentgenoscopy, the authors most often noted hypotonia, less « n increased 
tone of the stomach with intensification of peristalsis, with no signs of organic 


digease, which gives a basis for considering these disturbances as functional. 


In studying the functional state of the stcemach in workers, the same regularities 
are observed which were noted in studying th2 functional state of the central 
nervous system and its autonomic section, as well as the cardio-vascular system, 
namely: increase in disturbances with job experience and parameters of noise and 
lack of dependence on the state of the acoustic analysor. Functional disturbances in 
stomach activity were also encountered with a normal acoustic function, as well as 
with slight pathology of the nervous system. The authors consider stomach function 
disorders and disturbame of the functional state of the cardio-vascular system 
as an early sign of the effect of noise. Evidently, changes in the functional 
state of the central nervous system should also be added to this. The works of 
the Clinical Section of the Liev Institute of Industrial Hygiene and Occupational 
Diseases have significantly broadened our knowledge of noise sickness, filling in 


existing gaps in this complex and urgent problem. 


Noise can also lead to the development of a non-occupational sick rate. Thus, 
in weavers, whose working day is spent in conditions of noise with medium~ and 
high-frequency spectrum with an intensity of 103-107 dB, the sick rate in relation 
to that of all workers is 134% in cases and 111.4% in days (L. N. Shkarinov, (1964- 
1966). 


Comparing changes in physiological functions in experimental animals under the 
effect of noise with clinical syndromes of noise sickness, we see their identical 
direction. The latter significant*y broaden our ideas of the effect of noise on 
the organism. Morphological, histochemical and electroeucephalographic studies 


using several neuropharmacological drugs and other studies reveal the participation 
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of individual structures of the central nervous system in the mechanism of 


noise pathology development. 


We have discussed in detail the symptoms of the nonspecific effect of noise. 
But the pattern of its general biological effect would not be complete enough if 1243 
we ercluded the nature and time of development of hearing damage in workers in 
Noisy industries. Perhaps not as many works d al with any of the symptoms and 
syndromes of noise sicknese as the functional and pathological state of the organ 
of hearing, which is completely explicable, considering the importance of thia organ 


tn huwan life. 


Noise has attracted the attention of doctors for nearly a hundréd years. 
However, the majority were restricted to studying the state of hearing and did 
not attempt to establish a connection between the general reaction of the o¢ganisnm 
to noise and those changes which occur in this enalysor. There are only isolated 
observations on disturbances in certain functions. Only in the last 10 years have 
works appeared advocating the necessity of studying the conditica of the organism 
as a whole and comparing changes observed in certain of its functions with the 
condition of the enalysor. The works of N. N. Pokrovskiy, as well as B. A. Krivoglaz 
and A. A. fodel’ et al., in this direction, £111 in the shortcomings of many works. 


Changes in the organ of hearing. The most valuable method of dicgnosing 
occupational deafness is tonal audiometry, which can evaluate the perception of 


individual tones in a wide range. Objective audiometry has the advantage over 
thie method of excluding voice control. It is based on the reflex reaction,. 
developing in response to auditory stimulation. Unconditioned and conditioned 
reactions (flickering, galvanodermal reactions, etc.) are used. In addition to 
tonal audiometry, vocal audiometry is also used. 


Three forms of damage to the organ of hearing of occupational etiology are 
differentiated: 1) damage to the inner ear, developing gradually and progressing 
with job experience; it is encountered relatively infrequently; 2 ) combined 
damage of the middle and inner ear — the most common form of hearing damage; 

3) chronic catarrh of the inner ear with symptoms of inner ear irritation, attacks 
of dizziness of the Meniere's disease type. 


To recognize deafness, S. Z. Romm suggests first of all finding out if the 
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sound-conducting or the sound-perceiving section of the acoustic analysor is 
damaged and localizing the damage — hair cells, ganglicun, stem of the auditory 
nerve. These questions can only be answered by the occupataonal pathologist- 


otorhinolaryngologist. 


Criteria are rceded to establish occupational deafness by the tonal audiometry 
method. The most indicative criterion is the reduced perception of 4096 Hz L244 
(4000 Hz). Ya. S. Temkin (1957) assumes that isolated reduction of thia frequency 
is encountered rarely and only in the presence of complete deafness. He studied 
the condition of the hearing organ in two groups of workers — weavers and 
botlermakers working with pneumatic tools. In the first group, 86.7% reduced 
perception of a 4096 Hz tone was observed, 2048 Hz —- 85.7%, 1024 Hz — 56%. 

Reduced perception of a 4096 Hz tone is thus encountered as often as that of 2048 Hz. 
The same observations were made in the group of boilermakers. The majority of 
researchers are of the opinion that a significant reduction of perception of a 
frequency of 4096 Hz and higher (sometimes up to 8000 Hz) is typical of occupational 
deafness; later the threshold of auditory sensitivity to frequency 2048 Hz changes 

as well. Usually an audiogram with almost the same trough at both these frequencies 
ie characteristic of pronounced deafness. 


In evaluating damage to the auditory function, if is also important to know 
the relation between the original (constant) threshold of audibility and ite 
temporary displacement. They converge with experience working in a noisy occupation. 
For example, if the difference between the constant threshold and the temporary 
was 13 dB with under 4 years on the job, it was only 4 dB in the 5-9 year stage. 


Perhaps not as many works deal with any of the symptoms and syndromes of 
noise sickness as with the functional and pathological state of the organ of hearing, 
which is completely explicable, considering the importance of thie organ to human 
life. 


It is not possible to present all the data on this subject in this monograph. 
In the Soviet Union, examples of the development of deafness in workers in various 
specialties, the characteristics and time of development and other aspects of 
damage to the ear have been studied by the major scienticts 
epectalizing in otolaryngology in this country — V. G. Yermolayev (1941), L. A. 
Kozlov (1949), Ya. S. Temkin (1957), G. S. Trambitekiy, S. Z. Roum, G. L. Navyazhskiy, 
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Figure 63. Curves of hearing loss in weavers 
(after Zittler). 
a — aged 20-32 years; b — aged 33-46 years. 


Vertically — reduction of hearing, dB; 
Horizontally — frequency, Hz. 
V. F. tdrits and others. 


The development of deafness can be abetted by infectious diseases: scarlatina, 


measles, dintheria, erythroblast 


fo 


sis, leukemia, nephritis, menengitis, tuberculosis, 
herpes zoster, mumps, toxoplasmosis and several drugs (quinine, salycilates, 

arsenic derivatives, etc.). Developing first without significant hearing symptoms, 

it is often accompanied by noise in the ears, and dizzyness and can later be con- 

bined with inner ear damage. Many toxic substances and irritating media can 

cause the pathological process. In studying the effect of industrial noise on 

the organ of hearing, it is thus necessary to have exhaustive anamnestic data, (245 


to know past diseases as well as the factors accompanying the noise. 


Without doubt there is some adaptability to noise, but it does not insure 
against the development of the pathological process, but only puts off the time 
when it appears; this has been conclusively indicated by the data A. G. Rakhmilevich 
(1964). 


The criterion of deafness is the threshold of audibility. A. G. Rakhmilevich 
suggested a scheme for determining the degree of deafness: Ist degree corresponds 


to 35 dB reduction of perception of a 4096 Hz tone, with simultaneous 10 dB 
reduction of hearing in the low and medium frequencies; 2nd stage —- 40-45 dB 


reduction of perception of a 4096 Hz tone and 15 dB reduction in low and medium 
frequencies; 3rd degree — 50 dB reduction of a 4096 Hz tone and 20 dB or more in 


the lower and medium frequencies. 
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Figure 64. Change in auditory function in relation 
to time on job and intensity of noise (1 — 80 dB; 
2 — 88 dB; 3 — 95 dB). 

Vertically — hearing loss (in dB) at 1000 Hz; 
_Horizontally — time (1.5, 2, 3... .). 


Progressive deafness is observed with increased stages of work. In the 
percentage indices, for example, under 5 years, the number of cases of deafness 
from noise and vibration was 15.4 + 5.8 (with the effect of noise alone 6.2 + 6.0) 
and between 6-10 years — 59.4 + 8.1 (noise alcne — 53 + 12.9), and for over 
10 years — 96.5 + 3.5 (noise alone — 59.4 + 8.1). Total percentage of cases 
of deafness in boilermakers subjected to vibration and noise and to noise alone 
was 61.0 + 4.5 for the first group of workers, and 36.9 + 7.1 for the second 
preup. The difference in indices was reliable (P < 0.05). 


The first degree of deafness i3 most often noted with under 10 years of work 


experien:e; later, 2nd and 3rd degrees cannot be clearly differentiated in time. 


Figure 635, a and b gives the curves of the threshold of audibility in weavers 
aged 29-46 years. We can see that the length of time on the job is more important 
than age. Figure 63, a,presents the thresholds for those aged 20-32 years, and 
Figure 63,b —- for 33-46 years. The curves are extremely typical for judging the 1246 
progress.ve zeduction with work experience of auditory sensitivity, regardless 
of age. In proportion to increzsed work experience, the threshold of auditory 
sensitivity is significantly reduced in the area of perception of 1000-2000 Hz 
(35-40 dB), while at a younger (relatively) age and less time, it is only reduced 
10 dB. Figure 64 shows the curves of hearirg loss in the pecception of a 1000 Hz 
tone with intensity of 40, 88, and 95 dB in relation to job experience and therefore, 
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age. From this, one can judge how differently the threshold of auditory sensitivity 
changes with job experience. At less than 5 years, the threshold of perceiving a 
1000 Hz tone increases 3-7 dB at an intensity of 88-95 dB; at 20 years experience, 
7-13 dB. If another higher frequency were taken as a criterion,undoubtedly the 
results would be still more striking. Without question, constitutional aspects 
play a role. In some people, the auditory function is very quickly disturbed, 

in others, even in conditions of comparatively intense noise, it develops slowly. 
Even withhigh-frequency noise with a level of intensity as high as 100 dB, 


deafnesa takes years, less frequently, decades. 


Dissimilar sensitivity of the organ of hearing to noise is also found in 
workers. Ya. S. Temkin found a different reduction in workers of the same oceupation 
and an identical stage of auditory sensitivity, in some no changes were noted, and in 
still others, perception of low frequencies deteriorated. He did not detect selec- 
tive reduction of perception of 4096 Hz, although changes in the threshold to 1247 
perception of this frequency were greater. These studies rather refute the asser- 
tion of Fowler about the preferential exclusion of perception of a 4096 Hz tone. 
Békésy (1947) attributed the feeclated reduced perception of this frequency to the 
tension which is experienced by the part of the basilar membrane perceiving 4096 
Hz during noise stimulation. In his opinion, there is a juncture of an perilymph 
vortex during the effect of intense noise in this particular part, verified on 
models. However, the point of view of Ya. S. Temkin is more correct. 


The degree of change in auditory sensitivity is also affected by the state 
of the central nervous system: sensitivity to noise or sounds can be aggravated. 
A. I. Bronshteyn (1946) observed not a decrease, but sensitization of hearing 


after a sound stimulus. 


Damage to the acoustic analysor depends on the intensity of the noise. At 
low frequencies of stable noise, it appears with an intensity of 109 dB (according 
to some authors, 110 dB); at medium frequencies — at 85-96 dB; and at higher 
frequencies — 75 dB. According to literature data, high-frequency noise of 70-75 
aB is tolerated for a long time without injury to the auditory function, but 
Vv. G. Yermolayev feels that the fatiguing effect from this noise is felt even st 
60 dB. 


With high~frequency noise, the threshold of auditory sensitivity is re“ ced 
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40-60 dB at 100-120 dB, with a maximum change of sensitivity to a 4000 Hz tone. 


Medium-frequency noise causes fewer changes in the 4000-6000 Hz range than 
high-frequency noise. It is interesting to note that the research conducted by 
S. V. Alekseyev on the effect on auditory sensitivity to medium-frequency notse of 
various intensity with maximum suund energy at 300, 500 and 700 Hz, established 
that they affect the perception of vocal frequencies (500, 1000 and 2000 Hz). 
Under the effect of noise with maximum sound energy at 500 Hz, auditory sensitivity 
is reduced 10-14 dB at frequencies of 500-2000 Hz. The threshold is changed more 
by a sound stimulus with a tone of 700 Hz than 500 Hz, and even more with 300 Hz. 


Numerous observations indicate that at the same levels of noise intensity 


and sound, their effect is more pronounced during high-frequencies. 


High-frequency sounds with an intensity of 110-113 dB lead to a significant 
loss of hearing sensitivity; they can be restored quickly at first, then it is 


slower. Complete restoration of 60 dB hearing loss occurs in several days. 
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Recovery of audibility after fatigue with a J000 Hz tone, with ean intensity of 

90 and 109 dB, is uneven. At first, the threshold of hearing sensitivity is 
reduced, then it again increases, after which it slowly begin to fall. Only at a 
level of sound pressure of 20 dB does this phenomenon not occur (Hirsch, 1962). 
The opinion has been advanced that the discontinuity is due to the superposition 
of two processes: physiological (nerve-stimulating) and chemical. 


Audiometric studier, made by many authors, convince us that in experimental 
Yesearch and in examination of workers the most pronounced and earliest to develop 
are changes in the threshold at 4000 Hz and at 2000 Hz, and often also —t 6000 Hz. 


Reduction at other frequencies is much slower. 


S. V. Alekseyev and G. A. Suvorov, studying noise with even spectral density 
throughout the frequency range (30-12000 Hz — white noise), found no pronounced 
changes in the thresholds of hearing sensitivity with an intensity of 70 dB, 
whereas with 80 and 90 dB intensity at 3600-6000 Hz they were considerably decreased. 
In particular, it was reduced 20 dB with an intensity of 90 dB. These data indicate 
the undoubted importance of noise intensity. 


The development of deifness also depends on the nature of the noise. It 
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develops more quickly if the stimulus is pulse noise, if there are fluctuations 
of the tones, especially high frequency, and noises with a changing level of 


loudness. 


‘Dierof £ (1961, 1962) in audiometric examinations of 1850 workers in noisy 
industries, found, with a simultaneous analysis of noise, an interesting phenomenon- 
in a steel rolling mill, where the predominant level of sound pressure was 105 dB, 
and high frequencies reached 10,000 Hz, the workers had less hearing loss than 
those who worked in the press shop with a level of noise about 90 dB, with a 
predominance of low frequencies. Attention was given to the fact that in the 
latter case there was a greater reduction of sensitivity to a 4000 Hz frequency. 

The author sees the reason for this difference in the nature of the noise. In 
the press shop, it was pulse noise. Analogous phenomena are observed in stamping 


workers and several other noisy occupations. 


The effect of impulse noise on the organ of hearing was, until recently, poorly 
understood. 0. P. Shepelin (1959) found that under industrial conditions, pulse 
noise causes more pronounced shifts in the human organism than mediun-frequency 
and even high-frequency noise. In experimental conditions, G. A. Suvorov found 
that in addition to the spectral composition and the intensity, the parameters £249 
of pulse noise, such as pulse recurrence rate per unit of time and rhythm, are 
also very important. As has been shown, at a frequency of 200-500 ppm, the 
effect of pulse noise does not essentially differ from stable noise similar in 
energy and loudness, while infrequent (30 .ppm ) and frequent (1000 ppm) 
cause important shifts in the human orsanism. The rhythm of the stimuli is also 
important. Pulses with no definite rhythm cause more pronounced shifts than 
those with a definite rhythm. The most pronounced effect is observed with in- 
frequent stimuli. At this time, large shifts are also observed in the central 
Nerveus system as well. Of special interest are the data of Ya. A. Al‘tman, who 
found that infrequent sound stimuli cause a different kind of reaction than frequent 
stimuli. The most serious changes were found in the central jinks of the acoustic 


ayalysor; he studied the conductive and cortical centers. 


The pathogenesis of the development of deafness must be analyzed at the level 
of the pecipheral and central sections of the acoustic analysor. In analyzing it, 
we must clarify the deep processes which occur in cellular formations and the 


changes in biochemical processes on the basis of histochemical research. 
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Morphological methods have long been used to ascertain the characteristics of 
the state of the peripheral section of the acoustic analysor, particularly 
its organ of Corti and the spiral ganglion. The central link was not studied; 
only in 1964 did the first experimental work of G. N. Kriviteka appear, shedding 
some light on processes which occur in the brain during the effect of noise with 
an intensity from 80 to 130 dB and, evidently, of high frequency. With this 
research, L. N. Krivitskaya, as well as Ya. A. Vinnikov and A. K. Titova, obtained 
new data on the development of occupational diseases of the acoustic analysor. 
In the group of works dealing with the pathogenesis of the development of fatigue 
and deafness, we must also note the work of V. F. Anichin. 

Many different hypotheses have been advanced in relation to the pathogenesis 
of fatigue and deafness, more valid, probably, for judging the state of fatigue 
only. 


It has been suggested that the prolonged effect of noises will lead to 
pathological processes in the cochlea, which can be explained also as the result 
of overstrain of subcortical acoustic centers Tegulating tropism of the inner 
ear (G. A. Komendantov, 1933; L. G. Komendantov, 1937; M . P. Mogil’nitskty, 
1936; S. A. Vinnik, 1940). G. L. Navyozhskiy saw that the development of fatigue 
is based on overstrain of inhibitory processes, exhaustion of the sound 
perceiving apparatus and damage to receptor cells. Some feel that damages in 1/250 
the cochlea are due not only to the direct effect of sound, but also that moderated 
through the cerebral cortex, regulating the tropism of the peripheral section of 
the acoustic analysor. 


Haberman (1890) was one of the first to detect changes in nerve endings of 
the basic spiral of the cochlea in a 75 year old man, who had worked many years 
under conditions of noise (20 years). The organ of Corti and the basilar membrane 
in this case were atrophied. Changes were also noted in the part of the organ 
of Corti adjacent to the round window, nerve fibers were also atrophied. Irrefutable 
data was obtained by Zange (1911) in a young boiler maker who died at the age 
of 29, after having worked with pneumatic tools at his job for 10 years. Deafness 
had progressed for 6 years. After death, the same phenomena were found which had 
been described by Habermann. However, a thorough concept of the state of the 
second-perceiving apparatus was first obtained by N. F. Popov (1929a), who noted 
morphological changes in the basilar spiral of the cochlea of white mice. 
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Changes were observed not only in the zone perceiving certain tones of the 
stimulus, but also on both sides of it. The degree of change depended on the 
level of sound pressure and the length of it3 action. It is assumed that the 
ganglionic cells can remain intact even when the peripheral receptors are damaged, 
Marx, Hoessli (1913) and Rohr (1912) suggested that ganglionic cells can remain 
intact if the peripheral receptors are completely destroyed. In monkeys after 
the effect of a 5 Hz frequency daily for 45 days beginning from the middle of the 
first spiral of the cochlea, a number of deviations from normal was found, and 
part of the hair cells was absent. In their place were homogenic non-nucleated 
masses. There were no changes in the nerve fibers or ganglionic cells. During 
the effect of 4 Hz sounds of a tuning fork, a change was noted in the shape of 
hair and Dieters cells, and a change in the tension of Reissner's membrane. 


Wittmaack (1929), experimenting with inteno. sound at 2048 Hz, found complete 
destruction of the organ of Corti and nerve fiberr. “2 also found that under the 
influence of noise, changes are localized in various sections of the cochlear spirals 
and that this is connected with the frequency of the sound etimulus. The higher 
the sound, the closer to the boctom of the cochlear spiral were the sounds localized, 
and vice versa. Later, the same localization was observed by Ya. A. Vinnikov and 
L. K. Titova (1957, 1958, 1961). 


S. A. Vinnik and V. G. Yermolayev found morphological changes encompassing 
neurons of the spiral ganglion, ——- the definition of their shapes disappeared, 
chromatolysigs, vacuolizatioa of protoplasm and decay of nuclei were noted. Changes /251 
also developed along the nerve fibers, uneven goblet-shaped swelling formed along 
the fibers, formation of constrictions and fiber decay are also possible. It 
short, degenerative-dystrophic processes were taking place. 


After prolonged noise, changes in the neurons of the spiral ganglion are 
exptessed in wrinkling, deformation and more intense staining of nerve cell nuclei. 
In the opinion of many researchers, changes appear later in nerve cells than in 
the connective tissue of the peripheral section of the acoustic anelysor, 

However, this observation requires further study. 


It is perfectly clear from the standpoint of current views on the pathogenesia 


of the development of particular diseases that morphological research does not 
give a complete picture. Most interesting are cytochemical data. 


260 


In cytochemical studies of cochlear ganglia in guinea pigs, various cytochemical 
changes were detected after acoustic stimuli of various frequency. Stimulation 
with a sound of 8000 Hz and 80 dB led to a reduction in the amount of protein 
eubstances in the brain and ganglionic cells after the test. It is interesting 
that parallel with this decrease, a tendency toward restoration was observed. 
Reduction of the protein content continues through the second week after the test; 
only in the third week did restoration begin. Observations of the above authors 
indicate that intense sound trauma, even comparatively brief, with sufficiently 
intense high-frequency sound, leads to persistent changes in exchange processes 
in ganglionic cells. They also conducted studies with the effect of a high-powe1ed 
stimulus, in the form of 12 pistol shots for 6 days, which can be considered aa : 
a stress acting 2 times a day. Such a stimulus can lead to sound trauma. 
Therefore, it is no wonder that after its effect the authors found more persistent 
and more significant changes than in the first series of tests. Changes were 
also observed 8 weeks after the trauma, although signs of recovery had been 


noted already. 


L. I. Maksimov also described tests with a pistol specially constructed for 
driving in dowels. A damped wave lasting 5 o was formed, composed in turn of 
two waves. The pressure of the first was 163-168 dB, the second — 158-162 dB. 
Following them, sound vibrations of 885-4650 Hz developed with a pressure level 
of 140 dB. After 4-5 shots, the threshold of auditory sensitivity was raised 
10-20 dB at frequencies of 4096-1048 Hz, and recovery was made in 15 seconds and 
1.5 minutes. after longer action of the shock waves, the threshold was raised L252 
14-16 dB, recovery in 10-15 minutes. 


Many authors point out that these changes can be considered not as pathological, 
but as physiological. The protein forming system of the nerve cell has a large 
capacity and is able to maintain equilibrium even under conditions of very strong 
consumption. However, the inference that biochemical processes have a physiological 
basis ie valid for certain parameters and time of stimulus. Later, without doubt, 
they assume a persistent character, they emerge, although slow to develop, 


as dystrophic processes. 


T. N. Zelikina and V. Ye. Shungskaya (1958) studied the effect of a low 
tone of 200 Hz and a high tone of 4000 Hz with an intensity of 120 dB, affecting 
guinea pige for 3 houre. They detected distinct changes in nerve cells of the 
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cochlea and the area vestibularis of the medulla oblongata, consisting of reduced 
tigroid, change in the forms of nerve cell nuclei, and the presence of fissitonable 
nerve cells; the most pronounced were changes in nerve cells of the area vestibularis. 
They found no changes in the nerve cells of the cortical end of the acoustic 

analysor. An idea of the development of processes was obtained during extensive 
histochemical research. In this direction, we must note the works of Ya. A. 

Vinnikov, L. K. Titova and V. F. Anichin. 


The material obtained by the histochemical method can be completely ured to 
obtain a concept of processes which precede fatigue and the mechanism cf the 


development of deafness. 


Industrial hygiene is interested in whether these processes occur equally in 
the cochlear organ or if there is some difference in them during the effect of 
noises of varying character and spectral composition. As far aa we know, the 
only work in this direction is that of V. G. Anichin (1965, 1966, 1968). One of 
them relIntes to the effect of pulse aoisea, the second and third to sounds of 
various frequency, but with the same intensity. Thus, we have available information 
which will give an idza of the reaction of individual cellular formations of 
the organ of Corti cf che effect of several areas of the spectrum of acoustic 
vibrations and to one of the little-known forms of sound stimulation — dis~ 


continuous noise. 


VY. F. Anichin conducted histochemical studies of the organ of Corti of guinea 
pigs after th: effect of sounds at 4000 Hz with an intensity of 100 dB for from £253 
one half houx: to 12 hours. The author found changes in the two lower spirals 
of the cochlea. Attention was concentrated on the consumption of diffuse karyoplasm 
RNA, in relation to the time of the stimulus effect. During 0.5-4 hours of the 
effect, dirfuse karyoplasm RNA was significantly consumed, the dimensions of the 
nuclei of external hair cells increased. A longer (6 hours) noise effect is 
accompanied by an increase in the concentration of karyoplasm RNA and a reduction 


in the size of external hair cell nuclei. 


With the caily 6-hour action of sounds of these parameters, leading to a 
fall in auditory function in white rats, the author often found pronounced 
degenerative-dystrophic processes primarily in the external hair cells. Such 


changes were not found in the spiral ganglion or nerve fibers of the peripheral 
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section. There was also a reduction in the activity of acetylcholinesterase and 
in the concentration of nucleic acid (Figure 65) in the organ of Corti and the 
upper cochlear spiral (Figure 66). 


v. F. Anichin in a daily 6 hour sound stimulus did not note any changes in 
the spiral ganglion or peripheral nerve fibers. 


One cannot help but agree with the conclusion of the author that the data he 


obtained indicate the primary nature of acoustic receptor damage. 


A 12-hour effect is accompanied by the above impoverishment of diffuse RNA 
in karyoplasm and cytoplasm as well as in inner hair cells. The nuclei of external 
hair cells lose the ability to increase their sizes, while the nuclei of internal 


cells maintain theirs. 


These changes, a3 a rule, were observed in the lower spirals and partially 
in the lower-middle entrails ef the cochica (in guinea pigs). Under che effect 
of an acoustic stimu‘us with a frequency of 500 Hz (100 dB), these same changes 
were noted in the upper-middle and upper spirals (apex sections). V. F. Anichin 
(1965) also studied the influence of discontinuous sound on the organ of hearing 
of white mice. A stimulus with a recurrence frequency from 30 to 1000 times per 
minute was supplied. The conditioned reflex to a sound stimulus of 500 and 4000 Hz 
was taken as a criterion of the effect of noise, along with the histochemical control. 


Sound trauma ccntinued until complete collapse of the conditioned reflexes. 


Parallel histochemical studies were also conducted. Serving as a control 
were the changes which also develop in the membranous labyrinth aftzr the effect 
of atable noise. Figure 67,a gives the normal structure of the membranous 
labyrinth of the upper spiral of the cochlea, and Figure 67,b — after a prolonged 
sound effect (4000 Hz, 100, dB) until complete collapse of the conditioned reflex 
By these stucies, V. F. Arichin verified the already described earlier changes L256 
noted by a number of authors. Changes relate primarily to the external hair cells; 
the initial stages of degeneration are developing. 


Under the effect of sounds with 1000 interruptions per minute, changes were 


most pronounced, and at 30 per mii ute — they were the same as with 260 


interruptions per minute. 
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Figure 65. Activity of acetylcholinesterese in the 
organ of Corti (after V. F. Anichin). 


a— normally; b— after the effect 0% noi:« with 
a frequency of 4000 Hz and a level of isc ::. sty of 
100 dB. 
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Figure 66. Distribution of nucleic acid in the 
organ of Corti. 

a~— normally; b — under the effect of a 4000 Az 
tone with a level of intensity of 100 dB. 
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Figure 67. Structure of the membranous labyrinth 

of the upper spiral of the cochlea (after V. F. Anichin). 
. a— normally; b — after prolonged effect of stable 

noise with an intensity level of 100 dB. 


The studies of V. F. Anichin established that discontinuous noises have a {257 
greater effect than stable. During the prolonged action of high-frequency sounds 
with collapse of the conditioned reflex, degenerative changes are observed in 
animals, primarily in the external hair celle of the organ of Corti, as well as 
a reduced nucleic acid content, increased nucleus size, reduced activity and 


disturbed structure of acetylcholinesterase distribution. 


Concerning the state of reflexes during the effect of discontinuous sounda 
with frequent and infrequent interruptions (100 and 30 per minute), the author 
noted their earlier collapse with discontinuous sounds (200 per minute). This 
regularity is characteristic (according to the author) of the effect of both 
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high-frequency (4000 Hz) and medium-fregeuncy sounds (500 Hz). 


The classic cytochemical studies, presented in the monograph of Ya. A. 
Vinnikov and L. K. Titova, give an idea of the localization and distribution of 
chemically-active substances in the organ of Corti and its receptor elements during 


sound stimulation of the organ of hearing. 


In the section on the cytochemical theory of hearing, data has already been 


given which characterizes the auditory function from this standpoint. 


The authors observed a change in the activity of acetylcholinesterase during 
the effect of high sounds (1500-7000 Hz, intensity 95 dB). After 15-20 minutes 
it increases, and after 1-2-4-6 hours — it decreases in structures of the lower 
cochlear spirals. Low frequencies cause analogous changes in the area of upper 
cochlear spirals. The authors assume that this phenomenon plays a role in the 
development of excitation of hair cells and in its transmission in the form 
of a pulse through synapses to afferent fibers of the spiral ganglion. This 
mechanism underlies the transmission of a pulse to the hair cells by efferent 
fibers of Rasmussen's bundle. Ya. A. Vinnikov and L. K. Titova point out 
that cells of the organ of Ccrti are not so much mechanoreceptors as mechano- 


chemoreceptors. 


Their observations are interesting that after a one-hour effect, the total 
amount of glycogen in the organ of Corti does not change, although the excitation 
process is taking place, while others observed a decrease in the concentration 
of glycogen in 2-5 hours after the effect of sounds. Changes occur in content of 
nucleic acids, alkaline anj ‘acid phosphatase, and succinic dehydruginase (Ya. A. 
Vinnikov and L. K. Titova). 


Naturally the question arises: is there a sufficiently proven connection 
between those biochemical processes which occur in the peripheral link of the 
acoustic analysor and the development of deafness? This question is answered 
by the conclusive experimental research, conducted by Ya. A. Vinnikov and L. K. 
Titova; we can see verification also in the data of Vosteen (1956, 1958), who 
detected a change in the content of the respiratory enzyme after a roise load — 
namely, its decrease. Great physiological consurption of enzymes disturbs the 


nourishment of the hair cells, which can aid in the formation of permanent damages. /258 
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Bugard (1955) observed, in the brain of rabbits subjected tn the effect of 
intense poise, expansion of perivascular sneaths and the perineural channels, 
which is accompanied by a state of porosity of brain substance. Similar changes 


were found in the cortex of the frontal, temporal, and parietal areas. 


Interesting experiments were conducted studying blood circulation in the 
human brain br means of rheography by I. B. Yevdokimova, I. K. Razumov and 
L. N. Shkarinov (1968) during the effect of octave noise bands with levels of 
intensity of 80 and 90 dB for 1, 2 and 3 hours. In only an hour after the start 
of the noise effect, the blood volume in vessles was reduced as well as their 
tone. This appeared especially distinctly after the effect of a 1000 Hz octave 
band. A 2-hour effect causes a lesser reaction, and there is even a tendency toward 
normalization and increased blood volume. After three hours of the experiment, 
there is a slight increase in the blood volume of the vessels of the brain and 
their increased cone (4-8%). Unfortunately, at the present time we still cannot 
compare these data with material on the oxidizing processes in the human brain, 


as che latter have been conducted on animals. 


Thus, noise disturbs the blood supply, disturbs the normal course of 
exchange processee and can lead to morphological changes in the structure of the 
brain. 


The research of G. N. Krivitskaya is Jnteresting. She set herself the task 
of studying the state of the morphological structures in the brain of animals 
subjected to a sound stimulus. As a stimulus, the author used a bell with an 
intensity level from 80-130 dB. The author, unfortunately, does not give the 
frequency parameter of the stimulus. Evidently, it had a high frequency. The 
author experimented with two groups of animals, which she selected oy reason of 
their attitude toward noise. In the first greup were those animals which did 
not react to noise with tonic or clonic crnivulsions, and in the second group those 
in which reactions were very pronounced. 


The author indicates that at the start of the sound stimulus, the first 
group of rats made movements of “preening”, "washing," licking the hair, there 
was involuntary defecation and urination, and then the animals hid in the corner 
and remained still. Limpness was noted after the test, fearfulness was seen in L259 
some, and then drowsiness; after 23-44 tests their hair became dull. The author 
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conducted 1-2 tests per day, lasting from 5 to 15 minutes. The stimulus was given 
from 6 to 44 times. 


The second group of rats was subjected to a 5-minute daily effect with currents 
from 500-1500 Hz, intensity of 80 dB for 3-7 months. 


After the effect of six sound stimuli, G. N. Kzivitskaya noted slight 
pathological changes in nerve cells, fibers, glia and vessels. Besides their 


significant number, they also maintained their structure. 


‘In the area of the cortical section of the acoustic analysor in the 3rd and 
4th layers, the author observed predominantly slightly hypcchromatic nerve cells, 
indicating the prerence of moderate chromatolysis. Their nucleus was increased 
in size, nucJeoli wer~ hypertrophied. The number of such cells was smali, 2-3 per 
100. Analogous ptenomena are also cbserved in the cortex of the dermomotor analysor. 
It also contained hyperchromatic cells, uneven and angular. Varicose dilation is 
eeen in the dendrites. There are changes in myelin fibers in the form of swellings 


at the cortical ends of the auditory and de~momotor analysors. 


In some cells of the medial geniculate body — chromatolysis (noderate); in 
idsolatec cells of the lower prowinance of the colliculi there was a change in their 
structure . There were slight changes in the hypothalamic region and in the 
reticular formation. 


A longer sound stinulus (23-27 minutes) was accompanied in the cortex of the 
auditory analysor and in the lowc> preninences of the colliculi by an incieased 
number of hypochromatic nerve cells and by the appearance of hyperchromatic cells — 
in the first — peripheral and segmental chromatolysis and dcformation of nuclei; 
in the lower prominences of the colliculi, diffuse chromatolysis was aiso observed. 
The neurons of the auditury nerve nuclei are altered. Changes are seen in the 
cerebellum, the hypothalamus and reticulcr formation. Changes develop in the 
epithelial nuclei of cerebral vessets. Thus, during that period of the sound 


stimtius a state of parabiosis develops — parenecrosis. 
Sound stimuli (up to 44 minutes) cause changes which are more significant 


ir charucter and scale in all those same areas. Existing damage of neurons in 


various sections of the brain is accompanied by changee in vascular anj glial tisaue. 
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In the walls of vessels, there is thickening of argentophilic fibers, pronounced 
disturbance of vascular tone (spastic-atonic character), increaced penetrability 


of the vessels. 


In animals with a tendency to react to sound stimulation with convulsive /26€ 
paroxysms, G. N. Krivitskaya principally noted the same changes in the structures 
of the central nervous system as in those in which sound does not cause convulsions. 
There were, however, certain characteristics. A large number of neurons with a 
diffuse process of chromatolysis were encountered in hypochromatic cells; the 
contours of these cells were indistinct, they were changed into ghost cells, 
in several vacuolation was noted. Some of the cells were reduced in size. After 
the convulsions, deformation of the nuclear envelope wis observed, nerve cells 
with double nuclei are often encountered. Deformation was noted also in the 
branches, there was a large number of dendrites with spherical swellings and 


pericellular edema. 


There were significant changes in the vessels. Swelling of endothelial 
nuclei, dilated opening of vessels their overfilling with blood, plethora of 


vessels of the soft cerebral membrane , hemorrhage witn centers of softening. 


After one convulagion, the most changed were the neurons of the dermomotor 
and auditory analysor, primarily che first. All its links are affected — fron 
the cells of the spinal cord to the cortical end of the analysor. 


In animale killed after several tests, numerous hemorrhages were found in 
the ventricles of the brain, in gray and white matter. Pronounced damages and 
broader localization were noted in all formations, which was discussed above. 


Structural changes appear in the cerebellum and reticular formation. 


On the basis of his observations, the author concludes that during the effect 
of a sound stimulus, without stratification of sensitivity, most damage is noted 
in the cortical section of the acoustic analysor, and, when there are convulsions,in 


the area of the cortical representative of the dermomotor analysor. 
OF undoubted interest are the data of the author on the number of damaged 


neurons in the cortex and subcortex. They are more numernus in the cortical endings 


of the analysors than in the subcortical, i.e. in chose formations which are 
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phylogenetically and ontogenetically younger. But the structure of the cortical 
neurcn is more quickly rearranged in reactive change, and during rest it is more 


quickly restored to normal than in the neurons of subcortical formations. 


In animale which are not subject to convulsions, a certain predominant 
susceptibility of subcortica)] links of the acoustic analysor is observed in 
morphological disturbances, whereas in those subject to these convulsions, it is 
the motor analysor. In the opinion of G. N. Krivitskaya, exhaustion of Nissl bodies, 
which might be the reason for fatigue, and localization of altered neurons in the 1261 


hypothalamic areas of the brain are characteristic of increased blood pressure 


and other autonomic reactions. 


We cannot help but agree with the opinion of the author that her data make 
it possible to explain in a new way the pathogenesis of the development 
perhaps not so much of deafness, as changes in the general condition of the 
organism, functional disturbance of its organs and systems. We are obliged to 
G. N. Krivitskaya for these studies: she enabled us to approach in a new way 
those complaints and objective syept.mr and syndromes which aze iypicai of 


the pathology caused by noise which we have called noise sickness. 


A large number of works deal with occupatfozal deafness. The first works 
appeared in the middle of the 19th century. Lately the number of works dealing 
with deafness in workers in various occupational groups has been increasing. A 
large amount of work in revealing the prevalance of deafness and methods for 
determining it has been done by Ya. S. Temkin, S. Z. Rovn, V. G. Yermolayev, 

A. G. Rakhmilevich and others. 


Table 47 is presented as an illustretion of cases of deafness in workers of 
several shops in which the spectral corposition and level of noise are the basic 
ettological factor in the development of a pathological condition of the acoustic 


analysor. 


Ya. S. Temkin noted deafness in 71.3-¥0% of motor testers, L. A. Kozlov 
in riveters and metal cutters (40-61%), A. M. Medovoy — in those working with sheet- 
beating ammers (452). Jansen gives a list of occupations such as concrete 
worker, cement grinder and many others which did not exist in the past. In recent 


years, data has been obtained on the condition oc the organ of hearing in miners, 
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TABLE 47 


DEAFNESS IN SEVERAL OCCUPATIONAL GROUPS 
(WITH WORK EXPERIENCE OVER 5 YEARS) 


2 z 
Occupation Deafness O-cupation Deafness 
Choppers and : van tossers 24.8-42.0 
caulkers 64-84.1 Riveters 56.0-87.5 
Riveters inside Various occupations in 
machine bodies 100.0 machine construction and 
Riveters in a metal werking industry 50-85 
shop 62.8 
Weavers 57.2-70 


working with hydraulic hammers, those working at automatic turret lathes, at 

stamping machines, in rolling mi!t« and many other cccupstioiu. ict is not possible 

to give « comprehensive idea of the condition of the organ of hearing in workers (262 
in many so-called noisy occupations, as examinations were often conducted on 

different planes and a conclusion was often drawn by the greatest reduction of 

perception of one or othe: frequency, which, is without doubt, interesting, but 

more from the standpoint of an etiological factor. The most interesting and 

generalized multiple data of both personal observations and those of other authors 


with respect to fatigue and deafness are those of Ya. S. Temkin and V. G. Yermolayev. 


The observations indicate that fatigue is a definite otate of the acoustic 
analysor, developing as a result of the effect of noise, recovered after rest, 
which does not occur in deafness — although even with the latter, there is a 
certain potential reserve which can be seen in studying the organ of hearing before 
and after work. The farther these .wo curves aze from each other, the greater the 
potential reserve and the less pronounced is the deafness, and vice versa. This 
is why it is so important, as indicated by Ya. S. Temkin, that the study of the 
functional state of the acoustic analysor be conducted before work (after long 


rest) and immediately after. 
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It is very important to localize the damages (which a specialist can do), 
to determine the degree of damage and the progression of deafness. From the 
standpoint of industrial hygiene, these questions are also important, as is the 


connection between the etiological factor and the development of deafness. 


B. A. Krivoglaz, A. A. Model’ et al., observed hearing disorders in 28.52% 
of workers in a spinning-weaving factory and a significant reduction of the 
auditory function in only 1.9%. Pronounced forms of neuritis of the auditory 
nerves are observed only in workers with more than 10 years job experience, but 
cases of early deafness were noted which, evidently, is connected with heightened 
sensitivity to noise. In this group of workers, reduction is primarily noted in 
the perception of high frequencies,and only with a long work record was the thres- 
hold to low frequencies raised (14 dB with 6-10 years work experience and 20 dB 
with more than 10 years). 


With especially conducted observations, the authors established that hearing 
disorders of workers in the spinning-weaving industry are due to damage to the 


sound-perceiving apparatus. 


G. Z. Dumkina (1965) noted that perception of high (309-8000 Hz), low 
and medium frequencies was changed very little or not at all in pistol shooters 
and submachine gunners. As with workers in other noisy occupations, a change [263 
was noted in their auditory function with job experience, but only after 5 years. 
As the degree of deafness was more pronounced and developed earlier in submachine 
gunners than in pistol shooters, this once more emphasizes the importance of noise 


intensity in the development of deafness. 


The reduction of hearing acuity after 5 years of work is 21-50 dB in the 
high frequency range, but the reduction of perception of high frequencies of 40-50 dB 
ie encountered fin isolated cases. In submachine gunners and pistol shooters, no 
parallelism was observed between changes in the functional state of the central 


nervous system and its autonomic section and changes in the auditory function. 
N. T. Svistunov exaninea the condition of the organ of hearing in electrical 
machine testers. One group was in contact with wide-band noise with energy equally 


discributed in the spectrum band (100-800 Hz), at a level of 102 dB. The second 
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group was subjected to the effect of high-frequency noise with maximum energy at 
1250-2500 Hz, general level 113-120 dB. A third group worked in conditions of 
wide-band (200-3600 Hz) noise, with an intensity of 94-120 dB. In all groups, 
the author found reduced auditory function, progressing with work experience. 
The threshold of auditory sensitivity increased; with less than a year of work, 
the reduction of hearing acuity was maximum (22 dB) at a frequency of 6000 Hz, 
in testers with 1-5 years experience, the increase was 12 dB at a frequency of 
4000 Hz. With experience increased to 10 years and more, an increase was again 
noted in the threshold to 16 dB at the same frequency. However, the most pro- 


nounced was the reduction of perception of a 2000-8000 Hz frequency. 


The research of the author showed that noise leade to the development 
of deafness in machine testers and that there is no selective increase of the 
threshold at a frequency of 4000 and 2000 Hz, but there is, although to a slight 
degree, at lower :requencies. The fact that the contingent of workers was young 


(22-28 years of age and none over 37) must also be taken into consideration. 


In cesting several groups of workers by the tonal audiometry method, a 


reduction in the perception of low tones is also observed. As a rule, this is 


seen in those workers affected simultaneously by noise and vibwation. The audiogram 


assumed a gently sloping character with job experience, although the reduction 


of perception is somewhat more pronounced at high frequencies. 


N. N. Pokrovskiy noted in workers subjected only to the effect of noise 
and to vibration and noise the developnent of deafness at practically the same 
stage of work. According to his data, the percentage of deafness was quite high 
(about 62.3%). The development of the disease proceeds rapidly. Already at 
3 years work experience, the hearing loss at a frequency of 1024-2048 Hz is 
15-17 dB, and at a frequency of 4096-8102 Hz it is 23-26 dB. In aucceeding 
years of work, perception of 1024-2048 Hz frequencies is affected, the audiometric 


curve is evened out, a flattened trough is formed in the area of 1024-8192 Hz. 


Interesting deta were obtained by A. G. Rakhmilevich with regard to the 
combined effect of noise and vibration on the acoustic analysor. Observed in 
workers during the joint effect of these two factors — identical parameters of 


vibration, but different intensities of noise and work regime — were different 


changes in the ti.ceshold of audibility. It is noteworthy that noise of low intensity 
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(70 dB), which generally does not cause significant changes in the acoustic analysor, 
leads to considerable shifts during a simultaneous effect with vibration. Of 
undoubted interest is one more observation of the author during the combined 

effect of acoustic and vibration factors — at first perception is lowered not 

only at frequency of 4096 Hz, but also of 128 Hz, and then at other frequencies. 


The reduction of perception of low frequencies proceeds as in air and bone perception. 


One of the methods of evaluating the condition of the acoustic analysor is 
to determine the. functional mobility of its cortical link. This is the method 
of determining the critical frequency of sound bursts (the critical fusion 
frequency) (CFF), which has been widely used recently. The method is based on 
the theories of A. A. Ukhtomskiy about the functional lability of tissues, the 
characteristics of the rate of those elementary reactions which accompany the 
physiological activity of a given analysor. He felt that the most suitable 
method of studying lability is to determine the greatest number of electric 


oscillations which a given apparatus can reproduce in 1 second. 


As is known, the lability of tissue in the procers of stimulation can change 
in different directions, characterizing the state of excitation of inhibition. In 
proportion to the entry of the system into working order its lability increases, 
whereas the development of inhibition ieads to reduced functional mobility. The 
more oscillations the tissue pives, the more mobile it is. 


P. O. Makarov called the ability to differentiate a discontinuous discrete 


structure "discretobility." 


The discretion vf the analysor is characterized by 

that frequency of stimuli of a certain intensity, by which they are judged as 
discontinuous. P. 0. Makarov (1959) poinred out that “we still cannot assert 

that lability of analysors, determined by the critical rhythm of converting a £265 
recording of inte>ruptedness of a stimulus to a recording of discontinuity, 

correspords to the greatest number of stimuli per uri: of time in the cortical 

cells of the analysor. The question is much more complex, although, undoubtedly, 

the lability of the analysors characterizen the r-ie of reactions and the inter- 


‘action of nerve structures of the analysors." 
Using this method, L. Ye. Milkov (196i), determiaing the critical frequency 


of sound burstu in workers subjected to the efrect of ncise, found CFF reduced 


with work experience. 
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A. I. Vazhzhova (1962) detected in machine operators subjected to the effect 
of intense high-frequency noise significant and persistant reduction in the 
eritical frequency of sound bursts, indicating a change in the mobility of 


basic nerve processes in the auditory analysor. 


Z. F. Panayotti (1963) determined the critical frequency of sound bursts in 
testers subjected to the effect of medium-frequency noise with an intensity of 
60, 70, 80 and 100 dB for 2 hours. The author established a definite dependence 
of the CFF indices on the intensity of the sound stimui.as, iudividual sensitivity 
and the time of the noise effect. With noise intensity of 100 dB, critical 
frequency in 2 hours was reduced 22% (in comparison with normal), with an intensity 
of 80 dB — 6.5%. After the effect of a noise with an intensity of 60 dB, the 
critical frequency was only slightly reduced after the test, and in 36 minutes it 


was restored to the original values. 


The studies of the author showed that the effect of noise with an intensity 
of 100-89 48 for tere hours leads iv yersistent deterioration of the course of 
nerve processes in the central link of the acoustic analysor. Residual effects 
are waintained only two hours after 70 dB anise, and there are none with a noise 
intensity of 60 dB. 


At the same time, auditory sensitivity with a noise intensity of 100 dB is 
reduced 20 dB in both ears to the perception of 2000 Hz, 40-43 dB at a frequency 
of 4000 Hz, and 27 dB at a frequency of 8000 Hz., and after 2 hours it is restored 
to normal. Perception of frequen::.2s of 125-1000 Hz remains practically unchanged. 
Noise with an intensity of 80 dB causes significantly less reducticn of the auditory 
function; thus, it changes 8 dB for the perception of 400C Hz frequency, and 12 dB 
for a frequency of 8000 Hz; auditory sensitivity is restored accordingly with 
intense noise in 1 hour and 30 minutes. With noise intensity of 70-60 dB, auditory 
sensitivity ie maintained and its fluctuations remain normal. 


Thus, the author, usiry the method of critical frequency of sound bursete and 
tonal audiometry, showed that after a 2-hour effect, the sequence reaction ig 


maintained in the cortical link of the analysor for quite a long time. 


Ye. B. Reznikov also used the method of determining CFF, but on stamping 


machine workers subjected to the effect of pulse noise. The average value of the 
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TABLE 48 


DISTRIBUTION OF CRITICAL FREQUENCY OF SOUND BURSTS IN STAMPING 
MACHINE WORKERS IN THE DYNAMICS OF THE WORKING DAY (AFTER YE. B. REZNIKOV) 


Work No. of Time of Study 
exp. exami- 
‘yrs. nations a 
Under 5 42 Before work 
After work 
5- 10 23 Before work 
After work 
Over 10 30 Before work 
After work 
Control Before work 
Group 50 After work 


critical frequency of sound bursts was lower in the stamping machine workers 

than in those of the control group, by approximately 20 bursts /sec. After the 

end of work, it is still reduced, and the number of persons with reduced functional 
mobility of the auditory analysor ie increased. Table 48 givee data on the distribu- 
tion of CFF values in stamping machiue operators. 


Ye. B. Reznikov found a correlational connection between the value of the 
critical frequency of sound bursts and a given condition of auditczy seneibility 
in stamping machine operatore, obtained by the tonal audiometry method, which 
irdicaces the presence of changes in the peripheral as well as the central section 
of the acoustic analysor. 


In groups of workers in noisy occupatione for lees than 5 yeare, N. Svistunov 
observed no parallelism between reduction of the auditory function, which might 
even be considered as the initial eymptoma of deafness (lst degree according to 
Rakhmilevich), and changes in the functional state of the central nervous system. 
Func’ional disturbances of the latter were very pronounced and gave a basis for 


aseuming that they precede shifts in the peripheral section of the acoustic analysor., 
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N. N. Pokrovskiy set himself the task of establishing the interconnection 1267 
between the degree of change in the auditory and other functions of the organism. 
Of special interest is the relation he found between the condition of the central 
fervous system and the acoustic analysor. It is known that persons sufiering an 


astheno-neurotic condition are very sensitive to noise. 


Disturbances in various analysor systems are observed during the irritable 
weakness syndrome, the basis of which is weakening of the cortical activity of 
one or other analysor. It is known that sensory disturbances are very common 


during the irritable weakness syndrome. 


N. N. Pakrovakiy observed the syndrome of irritable weakness in a rather 
large percentage of the 151 boilermakers he examined. To one degree or another, 


these workers also suffered from deafness. 


This method was used in the experimental conditions of S. V. Alekseyev 
and G. A. Suvorov (1965) to characterize the cffect of noise of various spectra 
and charactcr (impulse). A comparinaon of the data obtained implies that pulse 
noise causes more pronounced changes in the central section of the acoustic analysor 
than stable noise. The critical frequency of sound burstea under the effect 
of pulse noise is reduced more significantly. Its definite dependence is established 
on pulse recurrence frequency. 


all these data indicate very demonstratively that the use of this method, 
together with tonal aucionetry, gives a more complete idea of the effect of noise 


on the esoustic analysor. 


S. V. Alekseyev, after the effect of noise with maximum sound energy at 
frequencies: of 300, 500 and 700 Hz, found @ pronounced change in the mobility 
of nerve processes in the acoustic analysor, using the method of determining 
critical frequency of sound burets. With noise intensity of 80 dB with maximum 
at a frequency of 300 Hz, it was reduced 52, at 500 Hz — 7.52 and at 700 Hz 9.92. 
When intensity is increased to 90 dB, maximum reduction of CFF with maximum 
sound energy at a frequency of 700 Hz and minimum at 300 is 21 and 14% respectively. 
The reduction of the cirtical frequency of sound bursts does not exceed 3-4Z 
when intensity is 70 dB. 
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S. V. Alekseyev studied the thresholds of auditory sensitivity in the same 
subjects. The data he obtained also indicates that change in auditory function 


is duc not only to processes in the peripheral ending of the acoustic analysor, 


but in the central as well. 


These data, with the use of the two indicated methods, are very illustrative 


of the advantage of their combined application. £268. 


Vocal audiometry is widely used. There is the opinion that the perception of 
a voice in nejsy conditions at a distance of 1 m indicates absence of the harmful 


effect of noise of a given intensity. 


A. G. Rakhmilevich ccenducted interesting studies to reveal the maximum effect 
of noise on the perception of individual sounds of not only the vocal range. We 
present hie data in this section because the research of A. G. Rakhmilevich 
should attract the attention of all those interested in deafness, its determination 
amination of those Frequencies in the spectrum of industrial noise 
which are most dangerous and undesirable. The work of Fletcher (1929) is known, 
which established the relation between the intensity of masking noise and the 
degree of voice intelligibility in noise conditions. 


To do this, A. G. Rakhmilevich recorded audiograms directly in the industrial 
noise situation, which enabled him to determine ite masking eifect on the per- 
ception of individual parts of voice and auditory areas as a whole. 


The author feels that the greatest change in the audiometric curve must be 
below those tones which predominate in the noise spectrum. This method of study 
was called noise audiometry. The method was first introduced by Langenbeck (1956). 
It can be used with great success both in studying normal hearing and when there 
is damage to the sound-conducting apparatus of the hair cells of the organ of 
Corti. In this case, the noise audiogram decreases by the nuther of decibels equal 
to the intensity of white masking noise. Witn damaged cochlear ganglion and 
nerve stem, the noise audiogram falls below thir level. 

‘ 

A. G. Rakhmilevich recorded noise audiogremea in workers who had varying degrces 
of occupational deafness. Analysis of the audiograms and the noise spectrum 
established that the masking effect of the noise depends on the intensity of the 


279 


tones appearing in it. In examining a large number of workers, the author did not 
find identical noise audiograms; in people with pronounced deafness, they are 
below the level of shop noise. Individual noise audiograms in persous with 


normal hearing contain 10-15 dB variations in the level of thresholds in 


individual frequencies, and those with occupational deafness — as much as 30-35 dB. 


In persons with II and III degree deafness, A. G. Rakhmilevich found 
thresholds of auditory sensitivity somewhat exceeding the intensity of industrial 


naise. 


As voice intelligibility is very important in industrial shops, it becomes 
necessary, however approximately, to evaluate the level of noise according to the 


intelligibility of speech. 


Levels have been established at a distance of 1m: scream at 90 phons, loud 


voice at 80, quiet voice at 45, whisper at 30 phons. 


When the distance is approximately 0.1 m, the force of the sound (according 
to the rule — the force of sound is inversely proportional to distance) increases 
20 dB, but the loudness of speech decreases from 80 to 74 phone. Speech becomes 
unintelligible if noise with a level up to 100 phons exceede it by 15-20 phons 
(loud voice). 


Determining the intelligibility of speech with mono- and binaural hearing, 
a study of adaptation, conditioned and uncond‘ttoned reflexes to sound can serve 


to study the functional etate of the cortical section of the acovstic analysor. 


The use of the acoustic reflex in the problem of occupational deafness and 
protecting the organ of hearing is interesting. As wt nave pointed out, an 
intense sound causeea the muscles of the middle ear (cm. stapedius, tensor tympani) 
to contract, as a result of which the amplitude of vibrations of the auditory 
oegsicles is reduced and thus the cochlea is protected from damage. The latent 
period of excitation of m. stapediuna is 10-15 y sec. In m. tensor tympani it is 
considerably longer (maxirvum contraction of the muscles occurs in 100 yw sec, 
the duration of the acoustic reflex after a sound pulse from initiation to 
extinction io less than 1 second). It is assumed that tne protection offered 
by thie reflex ie on the whole 10 dB or more at frequencies of 1000 Hz, and for 
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persons with a heightened auditory sensitivity, it can reach 50 dB. On the basis 
of the protective role of these muscles and their physiological characteristics, 


many researchers are attempting to explain the mechanism of “he effect of pulsed 


noise. They have concluded that if the time o. the pause between pulses is slightly 


greater that the extinction time of the acoustic reflex, and if the formation 
time of the pulse is less than the time of excitation of the muscles of the 
inner ear, such .. pulse noise will cause a greater increase in euditory thresholds, 
i.e. it will be a stronger stimulus. Ward, Glorig, Sklar (1958), Ward, Glorig, 
Selters (1960, Ward (1962a,b) established that very short (2 » sec) intense sound 
pulses cause shifts in the auditory thresholds in relation to the length of 
the pause; the longer the pause between pulses, the more pronounced they will 
be. The authors attribute this fact to the reflex cycle of muscles of the inner 
ear. With a high frequency of pulses developing after the first pulses, 
reflex contraction of muscles is also maintained during succeeding rulses, -f 
the pause between the two pulses is shorter than the dampening of the reflex, 


then the reflex disappears during longer pauses. 


Fletcher, Riopelle (1960) studied the possibility of protecting the ear from 
gun shots by an acoustic reflex. The latter was caused by a tone with a frequency 
of 1000 Hz, with an intensity level of 98 dB, which was given for 200 msec before 
the shot. The test lasted 7 minutes, during which time 100 shots were fired. 

The mean peak level of pulse noise was 132 dB. The level of the auditory 
threshold changed before and after the shot. In one series of tests, the ears 
of the subjects were not protected, in the other — they were protected by the 
acoustic reflex, and in still another -— with earphones. It was found that in 
the firat series of tests, the auditory threshoids were raised 19-23 dB; in the 
second series — 6.27 dB; in the third — 2.5 dB. The authors concluded that 
the acourtic reflex significantly protects the ear from intense pulse noise, 


although to a lesser degree than earphones. 


No less interesting are the results obtained by Christman and Simon (1961) 
who studied the possibliity of practical protection against industrial pulse 
noise by stimulating the acoustic reflex The authors emphasize that protecting 
the ear with the acoustic reflex has a number of advantages over earphones, namely; 
they are protected only at the moment of the noise pulse; therefore, per.onal 
contact is not disturbed in the pauses; the tone can be activated automatically; 


to a certain degree the tone also warns the worker. 
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The protective role of the acoustic reflex was also shown in other works. 


Coles and Rice (1966) even suggested testing two signal warnings: one 5 seconds 
before the sound pulse so the next sound would not be unexpected, and then 
another — 150 msec before the sound pulse to cause the acoustic reflex. 

The authors feel that the application of these two kinds of warnings wou.d be 
very effective. 


The protective role of the reflex contraction of the middle ear muscles 
is noted by Ya. S. Temkin (1968), suggesting that the frequent lack of temporary 
increase in the thresholds of auditory sensitivity in experienced workers can be 
attributed to weakening of reflex contractions of the muscles as a result of 


permanent changes which have developed. 


It has been suggested that the ecoustic reflex does not play an important 
role in protecting hearing from pulses recurring with relstively leng iniervals. 
This suggestion was made on the basis of experiments in which a connection was 
established between the acoustic reflex and the temporary increase of auditory 
thresholds from the effect of various kinds of | pulse and stable noises; ‘«uile 
the correlation between measurements of acoustic reflexes was good, the correlation /271 
between measurements of temporary increase of auditory thresholds was poor, and 
it is probable that no connection between the force of the acoustic reflex and 


the temporezry increase of the auditory threshold existed. 


Ye. Ts. Andreyeva-Ualanina and G. A. Suvorov (1969) feel that the role of a 
signal stimulus is that it causes the muscles of the inner ear to contract and 
transmits certain information to the organism, thereby helping it to predict 
subsequent events and adjust to them optimally. This is verified by tests with 
warning light and sound signals of weak intensity during the effect of an aperiodic 
noise stixulus. Despite the fact that the stimuli used could not directly cause 
an acoustic reflex, the protective effect of the warning signals was clecrly 
established. It is noted that the most effective influence of the sound stimulus 
is observed when it precedes a pulse noise by 300 msec, and that of a_ light 
signal (fiashing of a neon tube) by 5G0 msec. When the tize is shortened,’ the 
effectiveness of the acoustic reflex is sharply reduced. 
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These studies verify the data of the authors about the protective role of a 
warning signal; however, the authors do not agree with the simplified interpretation 
of the observed phenomenon that attributes the basic protective role to the 


wueclee of the inner ear and completely ignores the protective-adaptation activity 
of the central nervous system. 
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CHAPTER VI 


MEASURES TO CONTROL NOISE 


In all cases when noise exceeds the permissible limit, measures must be 
undertaken in the factory to control it. It is especially important to control 
industrial noise, which is generally not as simple as it sometimen neeme. In each 
individual case, it {a considered separately. Measures to reduce noise are based 
on various principles, the choice of which depends on the sources of the noise and 
the industrial process. It is possible to discuss only a few of them, combined 
in a group of general methods and means of controlling noise. 


Controlling the harmful effect of industrial noise includes a whole complex 
of measures consisting of both medical and technical methods and means of control. 


q1) 


Medical Prevention 


One of the most important measures in the medical prevencion of the harmful 
effect of noise is conducting preliminary and periodic medical examinations. 
Regular examinatione play a special role in preventing noise pathology. 


By order of the USSR Ministry of Public Health, persons who start to work in 
noiey factories, ae well as those who work under conditions affected by intense 
industrial noise, undergo compulsory preliminary and periodic medical examinatione. 


the section "Medical Prevention" was written in collaboration with 
M.L. Khaymovich. 
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By order of the USSR Minister of Public Haalth No. 400 of 30 May 1969, in 
factories with an excessive level of noise in any octave band, periodic medical 
examinations are made of the workers at the following times, depending on the 


level of excess: 


a) below 10 dB —— once every 36 months @) 

b) from 11 to 20 dB —— once every 24 months 

c) over 20 dB —— once every 12 months 

Involved in the preliminary examinations before starting to work and the {273 


periodic medical examinations are the otolaryngologist, nevropathologist, and 
therapist (when indicated), with compulsory audiometric testing, and determination 


of hemoglobin, leucocytes, and sedimentation rate. 


It fe necessary to conduct tonal and voice audiometry to get a good idea of the 
function of the acoustic analysor. The hearing study must te conducted, as a rule, 
before work with noise starts, i.e., after the organism has had a long rest from 


the sound, and after it ends. 


Medical counterindications for admission to work, according to the order of 
the USSR Minister of Public Health, No. 400,of 30 May, 1969, are the following: 


1. Persistant reduction of hearing, even of only one ear, of any etiology. 

2. Otosclerosis and other persistent diseases of the ear with a clearly 
unfavo~able prognosis for hearing. 

3. Pronounced disturbances to the vestibular function of any etiology. 

4. Pronounced neuroses (neurasthenia, hysteria, psyctasthenia). 

5. Pronounced autonomic dysfunction. 

6. Organic diseases of the central nervous system, including epilepsy. 

7. Neuritis and polyneuritis. 

8. Mental diseases ard psychopathy. 

9. Diseases of the cardio-vascular system, hypertonic disease, persistent 
vascular hypotonia, stenocardia. 


10. Acute ulcer disease of the stomach and duodenun,. 


 gaking into account work in other plants under conditions of industrial noise. 
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The preliminary and periodic exawinations of the workers are organized and 
conducted by the medical units and polyclinics attached to the factories, and in 
their absence — by the territorial preventive treatment centers, serving the 


region where the factories are located. 


The purpose of conducting preliminary medical examinations before admittance 
to work is to make a thorough and extensive invescigation of the state of health 
and decide the possibility of using industrial and office workers in factories 
and occupations covered hy order No. 400. 


Periodic medical examinations provide dynamic observation of the state of 
health of the workers and reveal the first signs of occupational disease of noise 


etiology. 


The persons undergoing the medical examinations are considered every year at 
each plant by the health and epidemiology stations in conjunction with the trade- 
union organization. ‘The health and epidemiology station indicates the names of 
the shops and occupations, as well as the number of workers, undergoing medical 
examination and gives the characteristics of unfavorable factors. On the basis 
of this, the administration of the plant compiles a list of names of the workers 1274 
undergoing examination and directs them, and the preventive treatment center 
compiles a list of the workers and calendar dates when the periodic medi-al 
examinations will be conducted. The admiuistration of the plant is responsible 
for the prompt and organized arrival of the workers in "noisy" occupations to the 
medical institution, and the preventive treatment center is responsible for the 
quality of the examination. When the preliminary examinations are conducted, a 
medical examination card is filled out. The doctors conducting the periodic 
tedical examinations must know the workirg conditions, the nature of the factor 


end possible occupational pathology caused by the effect of noise. 


Considering the importance of the dynamics of subsequent observations, data 
faust be carefully filled in about complaints and the objective examination of the 
worker. The condition of ENT-organs is described in detail, particularly otoscleru- 
tic data and the results of: studying the function of the acoustic enalysor. 

Special attention must be given to the functional state of the central nervous and 
ca...10-vascular systems, as well as the gestro-intestinal tract. The examination 


of specialists should be reflected in a generalized diagnosis and conclusion. 
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Basic and attendent diseases and the etiology are indicated in the diagnosis. 
Future working capacity is decided. 


Workers subjected to the effect of intense industrial noise and undergoing 
periodic examinations should be under dispensary observation by center otolaryn- 
gologists. According to order No. 400, a control card must be filled out for 
each worker and kept by the center otolaryngologist or the neuropathologist. I+ 
would be better if both specialists had this card, as this would aid in the fuvru-e 
determinations of the connection between changes in the acoustic analysor and in 


the functional state of the nervous system. 


Periodic medical examinaticns are especially important in accommodating the 
development of occupational pathology, caused by the effect of intense noise, and 
the recovery of the damaged functions. As a result of thece examinations, health 
treatment measures can be planned, — improvement of industrial health conditions, 
directed toward reducing the level of noise to ertabliched etandsrds, proper 
organization of work and rest, transfer to a job in favored conditions, health 
resort treatment. The value of the latter is still not sufficiently evaluated, 
while its role 4s undoubtedly great. 


When the tests in the periodic examination are finished, all the medical 
material obtained is reviewed in a special final meeting of the commission. This /275 
commission must be composed of the factory doctor, the chief doctor of the treat~ 
ment center or his assistant, the director of the safety engineering department and 
&@ representative of the factory-and-workshop committee. On the basis of data from 
the periodic medical examinations, taking into account the conditions of work, 
daily life and industrial characteristics, individual conclusiuns are made about 
the connection between detected disease and the occupation, and necessary prophy- 


lactic measures and efficient organization of work are recommended. 


Prompt and thorough periodic medical examinations and preventive treatment 


measures help prevent the development of occupational diseases. 


The preliminary medical examinations also play an important role in preventing 
the development of pathology. Their basic purpose ia to expose unhealthy condi- 
tions, which increase the danger of the effect of noise on the man in industrial 
conditions and decide his occupational suitability. This question is ansvered 
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from two standpoints: 1) when the state of health will not satisfy the require- 
mente imposed by the occupation; 27 when the effect of the noise can strorgly 
worsen already existing disease. In mative the preliminary medical examination 

of the worker entering a "noisy" occupation, the doctor must first of all consider 
the general state of hin health, his functional resources. For this he must have 
@ good understanding of the health and hygiene characteristics of "noisy" occupa- 
tions and the working ‘conditions of each shop. Workers accepted for noisy 
industries must be healthy, no younger than 18 yeare of age, in accordance with 
the list of contraindications. 


Technical Methods and Means of Controlling Noise 


At the present time, a great deal of experience has been accumulated in con- 
trolling noise in various industries, which has also been reflected and discussed 
in detail in a number of important monographs (G.L. Navyazhskiy, 1948; Ye.V. Bobin, 
1964; I.I. Slavin, 1955; T.A. Orlova, 1965; A.I. Vozhzhova and V.K. Zakharov, 1968, 
and others). As the authors have pointed out, noise must be ‘ontrolled in the 
following directions: 1) reduction of noise at the source of its development; 

2) securdproofing and sound absorption, vibration proofing and vibration absorption, 
installation of silencers; 3) replacing equipment with less noisy machines, 
efficient arrangement of equipment and plannin, of operation time; 4) individual 


means of noise protection. 


Noise control is a complex problem; noise sources are extremely varied; [276 


therefore, measures are separat<ly or complexly implemented in each specific case. 


First of all, obvious sour-es of noise in the shops must be eliminated. The 
noise source is usually vibration of various components, which develope under the 
effect of impacte, friction forces, or variable mechenical forces. It ie most 
difficult to eliminate noise in percussion machines and unite. At the same time, 
the cnly way to contral the noise of such equipment ies to improve its design. It 
is most radical to change the tectnological process to eliminate impacts, as only 
a very elight reduction of noise is possible in percussion unite and that only by 
quite cumbereume cquipment. Therefore, tt is recommended that technological pro- 
cesses based or the use of percussion instruments be replaced by percusesionlesa 
equipment, which is aleo quiet. For example, ordinary riveting, performed by 
riveting hammere, would be replaced by hydraulic or welded riveting, stamping — 
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by molding, manual straightening of sheets —— by rolling, etc. 


In a number of cases, auxiliary operations can be much noisier than the basic 
ones. For example, metal stampings and electrodes falling in metal containers 
make more noise than the process of making them. Dropping componente must be 
replaced by depositing them by a track. Tracks and containers made of noiseless 
material would significantly reduce this noise. Alloys made with manganese and 
magnesium are less noisy materiale with great attenuation. Chrome-plating steel 
components also reduce their sonority. Noise can also be reducz2d by replacing 
noisy components with noiseless ones —— made of textolite, wooden plates, plastics, 


etc. 


Noise sad vibration are reduced by replacing rapid reciprocating motions by 
evenly rotating motions. In this way, the noise of looms (the shuttle) and natlers 
(the striker) can be considerably reduced. Replacing reciprocating motion with 
rotary in the braiders, used in cable factorien, also will significantly reduce 


noise. 


An effective means of controlling vibration and noise is reducing the spaces 
between adjoining components by injecting materials which increase frictiou forces 
and thereby offer resistance to movement. Among the methods directed toward 
reducing vibration, a significant role must be attributed to damping (reducing 
vibrations by atsorbing part of the ergy). The essence of damping is that the {277 
vibrating surface is covered with a material with great interior friction. The 
best damping materials are rubber, cork, bitumin, felt, etc. They dampen high 
sounds especially well. In relation to the value of the friction forces, the 
amplitude of vibrations changes evenly and decreases more, the greater are the 
friction forces. The reduction of high frequencies is extremely important with 
respect to health, as the remaining low frequencies in the noise spectrum do not 
cause such a negative effect. Using this means of damping noises of automatic 
turret l.chee and straightening machines, the Noise Laboratory of the All-Union 
Scientific Research Institute of Work Safety of the VTsSPS successfully reduced 
the general level of noise 12 - 18 dB, and high sounds 20 - 30 dB. Damping can be 
successfully used in several percussion processes, particularly in straightening 
wetal sheets, tinning ship operations, etc. Sheets are usually straightened on 
@ massive anvil plate, mounted on a wooden platform. Unevenness in the platform 
produces @ space between the metalic plate and the platforn. Therefore, when 
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the sheet being straightened is etruck, a vibration is produced which can te greatly 
reduced if felt is placed between the platform anc the plate. Viscous fluids are 
sometimes used to damp noise, in particular machine oil. Still better effects 
are obtained with the simultaneous use of several kinds of noise damping. Packing 
the work in process in damping padding should be widely used in trimming operations, 
especially in trimming sheet steel. 

To increase the effectivensss of damping, the damping material must be tightly 
attached to the vibrating surface. 


Damping materials have various characteristics, mechanical, and acoustic 
properties. The principal demands made of damping materials are: low cost, high 
effectiveness, low weight, ability to stick firmly to metal and to protect it from 


corrosion. 


About 30% of equipment in industry cause noise of # high level because of 
imperfect technical maintenance of the mechanisms. Therefere, improving current 


maintenance is an important factor in reducing noise. 


In 1966, a new GOST 11870-66 was developed and approved, "Machines. Noise 
cheracteristics and methods of determining them," to go into effect 1 Janusry 1968. 


The crew GOST established the composition and methods of determining the noise 
characteristics of machinee, mechanism, means of transportation, technological 
equipment, mechanized instrumentation, and of individual units (bearings, reducers, 
etc.), which in an unaltered operating regime create stable noises in the air. 

The standard is not extended to determining noise characteristics of machines in 
motion or machines whose noise bas .a pulse character. Now, determining the 
noise characteristicr is obligatory in making prototype tests. Noise characteris- 


tics must be indicated in the technical documentation attached to the machine —— 


in the machine certificate. This very important legislative measure will undoubted- 
ly help effectively control industrial noise developing at the source itself. 
1 
In a number of cases, when changes in the technological process and measures 
to control noise at its source cannot significantly reduce noise, the noise rust 
be localized at its site of development. For this, sound-absorbing and soundproof- 


ing design ond materials wideiy known in modern construction are used. 
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Ite ie much easier to reduce or eliminate noise by isolating it. In order to 
be sufficiently effective, it is first of all necessary to know the nature of the 
noise or sounds, us the means of weakening it are closely related. Noise can 
penetrate by air through existing slits, openings and pores in the construction, 
etc., through an enclosure which vibrates under the effect of moving pressure, and 
finally, by means of vibration. Methods of reducing sounds transmitted by these 
means are varied. Therefore, it is very importent tu decermine which noises must 


be controlled. 


The method of controlling noise by special constructions to prevent the distri- 
bution of. noise by air in a certain room, or by constructions to block the trane- 


mission of sound frow one to another insulate’ room fs called soundproofing. 


Air noises can be weakened by constructing special casings around the machines 
or by placing the noise source in 2 rose with gassive walls without c~ucks or 


openings. 


I.1. Slavin (1956) pcints out that soundproof constructions should reduce the 
level of source noise 30 - 40 dB. 


Even e comparatively thin wall or casing is enough to insulate a high frequen- 
cy noise, while thicker construction is needed for low-frequency noises. Light 
enclosures have a high natural vibration rate. Therefore, they resonate under the 
effect of corresponding noise frequencies, which is sometimes observed in casings 
intended for soundproofing and made of a thin sheet of iron. These enclosures not /279 
only do not reducc noise, but even intensify it. In practice, reduced soundproofing 
isa often observed at low (under 250 Hz) and high (over 2000 Hz) frequencies because 
of resonance vibratious of partitions. 


To elim{nate similar phenomena, the surface is sometimes lined with materials 
with great internal friction — rubber, cork, felt, etc. Matecials which are good 
inhibitors of the propagation of air noise are heavy and have a denrs structure. 

The soundproofing properties of barriers are characterized by so-called intrinsic 
soundproofing, which designates the degree to which a sound is weakened in decibels. 
The effectiveness of a single soundproofing enclosure almost entirely depends on 


ites weight per l n’, The kind of material from which a given barrier is made is 
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mot very important. A graph of the dependence of soundproofing on the weight of 
conetruction shows that if the weight is increased 2 times, the soundproofing is 
increased 3 - 4 dB. Much greater soundproofing can be attained by using complex 
constructions. This is attained by separuting the wall into several layers with 
air layers or making them out of friable materials (felt, wadding, etc.). A wall 
made of this layered construction gives 6 - 8 dB better soundproofing than a mono- 
lithic wall of the same weight. In layered constructions, there must be a stable 
connection between the individual layers; this is achieved by padding made of 
rubber or other vibrationproof materials. 


In industry, sound and vibration proof floors are often specified. These are 
primarily penetrated by corpuscular or impact sounds. These are weakened by the 
ase of resilient padding under the floors. These should not be in close contact 
with the walls and other load-bearing structures of the building to avoid a solid 
connection with them. Proper construction of floors reduces the level of impact 
netfee under the flecr 37 dB (1.1. Siavia}. To reduce the Ctiansmiseion of vibrations 
of engines, compressore and other unite, they are mounted ou shock absorbers in 
the form of steel springs, or rubber, cork, commercial wadding or ashestos padding. 
To reduce the transmission of vibrations through the bottom, the machines are 
mounted on a special base. Shock absorbers must be designed for each specific case. 
Vibrations which are spread through sipes and corduite are weakened by filling slits 
in individual sections with soft inserticus made of rubber, canvas, etc. Vibration 
of metal surfaces can be reduced, as hae already been noted, by damping. 


The most common means of extinguishing vibrations has been «< special anti-noise 
mastic (No. 579 and 580), manufactured by varnish and paint factories, prepared on 
@ bituminous base and applied to the surface of the metal in two or three layers 
to a thickness of 2 ~ 5 m. 


Damping is witely used for covering ventilating ducts, metal casings, etc. 


Ia industrial ccnditions, sound absorption is often used along with sound 
proofing. Noise is absorbed by sound-absorbing meter{als, most often porous. 
These linings are recommended for typing offices, comp:iter stations, telegraph 
equipment, marine engine compartments and other small noisy rooms (400 - 500 mn), 
The reduction of noise with such linings does not exceed 7 ~ 8 dB. 
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Materials with good sound absorbing properties are comparatively light and 
simple. Sound absorbing raterials often cover sound proofing structures, in this 


case the structures will operate as sound abeorbers and sound proofers. 


Absorption capacity is characcerized by the coefficient of sound absorption 
“oe which is the ratio of the sound energy absorbed by the material to the energy 
falling on it. Coefficients of sound absorption (Table 49) of various mate: fals 
are measured experimentally at various frequencies in reverberation cnambers or & 


special tube. 


As can be seen from Table 49, sound absorption depends on the thickneas of the 
sound-absorbing material, its properties, and on the arrangement of the room. It 
can be assumed, that sound absorption fcr low-frequency sounds is roughly propor- 
tional to the thickness (up to 7 - 10 cm); for high frequencies, sound absorption 
depends less on the thickness, and 2 ~- 3 cm thickness is sufficient. The afr gan 
behind the layers of material aleo helps increase sound absorption at ‘ow frequen- 


cles. 


To increase mechanical stiength and protect the absurber from damage, the 
material is covered with a perforated coating of metal, plywood, cardboard, € c. 
The perforations in the outer covering can be rcund (4 - 5 om diameter), square or 
elotted. The combined area of the openings should be 25 - 352 of the total area of 
_the sheet. It must be remembered thet paints mixeu ‘n water do not affect the 
sound absorption of perforated or nonperforated structures, unlike oil paint which 
covers the pores and impairs the sound absorbing characteristics of the material. 
The majority of thermal insulation materials, constructed with the pores covered, 
are poor sound absorbers. It is best to place sound absorbing material close to 
the noise sources, as the effectiveness of the material increases in areas of high 


sound pressures. 


In large factory rooms noise can be reduced by constructing sound-absorb.ng 
warriers and solid sound absorbers, hung over the noisy units (Figure 68). In 
chis case, sound absormtion is increased approximately twice in comparison with 


placing the sound absorbing material on the cetling anJ valls. 
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In selecting a sound~absorbing material, we must keep in mind that the material 


must be noninjurious to the heslth of the workers, long lasting, have good 
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scund-absorbing properties, m-ct fire safety 
standards, be easy to clean and meet aesthetic 


requiremeuts in the plant. 


In a number of cases, intense noise is created 
by the operation cf pneumatic equipment, compressors, 
electro-pneumatic hammers, air heaters and venti- 
letors and other processes — in the exhausting 


compressed air and in draving it in. Reducing 


this kind of noise presents great difficulties, 


therefore, silencers are most often used. 
Figure 68. Solid 


sound absorbers. The basic types are active and reactive silen- 


cers (acoustic filters). Reactive silencers, based on the principle of the acoustic 
filter, are complex in structure and are more effective for absorbing low-frequency 
sounds; active silencers are bases on the principle of abscrbing sound energy and 
work more effectively in high frequencies. The selection of the type of silencer is 
determined by the level and spectrum of the noise, the power of the unit and the 
resistance of the silencer, convenience of installation and operation. The silen- 
cers must be small in size, simple to produce and convenient to operate. 


In installing the silencers, it is important that they offer low aerodynaric 
resistance. Tubular silencers have the least resistance; honeycomb and laminated 
silencers have great aerodynamic resistance. Silencers with curved channels have 
especially high resistance. L286 


Planning measures will also help reduce noise. Proper design of the relative 
location of rooms and objects with a consideration of their noisiness is very import- 


ent in controlling noise. 


In developing technical and general plans for factories and ships, noise con- 
trol must be considered along with technological questions. Noisy factory shops 
must be concentrated in one or two p)aces within the plant grounds, far from quiet 
rooms; bushes and leafy trees must be planted around tiese shops to reduce noise. 
Medium noisy shops are located beyond this green zone, and further yet, the labora~- 
tories, quiet shops and administrative offices. Units which create noise over 


130 dB must ba located outside the factory and living sector territory, on the 
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Figure 69. Corrections for the level 
of sound pressure in work areas. 
Horizontally — ninimum technologically 


necessary area Fm per unit of equipment, 
verti- 


including the passages around it; 
cally — correction “b" for permissible 
level of sound pressure at the work site 
to obtain a permissible level of sound 
intensity in dB relative to 1O‘‘V; 


1 — sound absorption Lor per 1 m of 


area F; F: dark squares — equipment, 
dots ~*~ work site. 


down wind side in relation to the local 
prevailing winds, and they must be 
separated from the edge of the living 
Units 
creating noise over 90 dB are placed 


area by a noise-shielding zone. 


in insulated rooms, while sources of 
medium-level noise (less than 90 dB) 
are concentrated in one part of the 
shop. The reduction of noise penetrat— 
ing neighboring rooms should be such 
that the level of noise in these shops 


is not increased more than 3 dB. 


In projected plans for arranging 
industrial equipment, in calculating a 
permissible level of sound pressure at 
Siies, it is necessary that the sound 
intensity of a unit of production equip- 
ment be lower than the sound pressure 
established by health standacds. It 


is necessary to take into account the 


sound intensity that is radiated by a unit of production equipment and the minimum 


technologically necessary area Fm? per unit of equipment that must be specified in 


order not to exceed the maximum permissible level of noise at the work sites. It 


is necessary t> calculate on a special graph what corrections must be made to the 


level of sound pressure at the work site in relation to the existing sound absorp- 


tion in the shop and area Fm? per unit of equipment (Figure 69). 


The distance from noise sources to the residential area is determined by 
Health standards for projected industrial plants (SN 245-63) (Table 50), 


UYece also "Sanitarnyye normy dopustimovo shuma v pomeshcheniyakh..." (Health 
Standards for Permissible Noise in Factories...}, No. 272 - 70. 
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TABLE 50. MAXIMUM DISTANCES FROM THE ENCLOSING STRUCTURES OF BUILDINGS, 
LOCATED IN POPULATED AREAS, TO THE SOURCES OF NOISE AND THE MAXIMUM PER- 
MISSIBLE LEVEL OF EMITTED SOUND INTENSITY 
Geometric mean frequencies of octave bands, Hz 
65 |azs | 250 | 500 {1000 | 2000 | 4000 | 8000 


Distance from sources of 

noise to enclosing struc- 
tures of residential and 

public buildings located 

in populated areas, m 


Maximum permissible levels of sound intensity in 
octave bands (in dB) in relation to LO - L3 kgm/sec 


per = 2 * ee 


50 103 99 91 86 82 80 76 78 
100 5 105 97 92 87 86 85 8G 
200 124 us 104 98 95 94 1 97 
300 125 415 107 102 99 98 97 105 
400 127 W7 110 10S 102 102 103 2 
500 129 V9 12 107 40S 105 109 19 
700 132 122 5 EE) 1a 110 W17 132 
1000 135, 126 19 NS iA 7 127 a9 


Technological and planning methods and means directed toward reducing noise 
will considerably help weaken its harmful effect on the workers. Where these 


measures cannot be implemented or are not effective enough, individual protection 


must be used. 


If the noisy units cannot be soundproofed, for the protection of the workers 
from the direct emission of noise created by the operating mechanisms, it is neces- 
sary to construct acoustic screens made of metal sheets lined with sound absorbing 
materials. The reduction of noise in places protected by ecreens is 5 - & dB. 
However, acoustic screens do not protect the workers to the same degree ag sound- 
proof remote control booths. They must be well soundproofed, calculated with an 
allowance for syrrounding noises and the sound-absorbing lining of the inner 


surfaces, reducing the level of noise penetrating the booth. 


Soundproof control booths must conform with health requirements in area, 


ventilation and illumination. 


It must be kept in mind that lack of proper hermetic sealing around windows, 
doors and the seals of openings and elots for pipes and conduits to pass through 
can greatly reduce the sound proofing effect of the enclosing structures. Noise 
eilencers are installed where the air entera the soundproof booths and control 
posts by the ventilation or sir conditioning system or where air is removed in 


pipes, at the inlet and outlet respectively. 
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The human organism is protected from excessive sound energy penetrating 
through the external acoustic meatis by anti-noise devices. Anti-noise devices 
reduce the noise which reaches the tympanic membrane 10 - 45 dB, The necessary 
means of protection is selected, depending on the character, level and duration of 
industrial noise, climatic and microclimatic conditions and the requirements of 


voice intelligibility in noise conditions. 


Anti-noise-devices are separated into internal and external and divided into 
groups: ear plugs (inserts and tampons), half-plugs, earphones and helmets. The 
effectiveness of sound deadening of individual means of protection is given in Table 
51, according to the data of A.I. Voshzhova and V.K. Zakharov (1968). 


A gcvernment standard has been developed in the USSR which regulates the basic 
health requirements for this kina of protection, as well as the method of testing 
the effectiveness of anti-noise devices (GOST-15762-70). 


A.I. Vozhzhova feels that with a generel level of noise below 100 dB it is 
completely adequate to use only effective anti-noise devices of the ear plug type, 
inserts and tampons; at a level from i100 to 125 dB or more, highly-effective helmets 
are used in addition to internal anti-noise devices. 


Recently electronic means of noise protection have begun to be used; these 
operate on the principle of neutralization of sound vibrations of the same intensity 
with che opposite phase — an electronic noise absorber and an electronic protector. 
An electronic absorber consists of a microphone, a phase inverter, and a loud 
speaker, The electronic protector is placed in a special earphone and creates its 
owm noise, corresponding in loudnere, but opposite in phase to the noise which must 
be cancelled. 


We must note that only the systematic use of anti-noise devices from the first 
entry of the worker into noisy industrial conditions can guarantee protection of the 


organism from the harmful ef ‘ect of noire. 


The negative effcct of noises can also be reduced by shortening the time in 
cortact with it. In drawing up the work schedule, brief breaks must be provided to 
allow the organ of hearing to recover its function in quiet noiseless conditions, 
The effectiveness of such rest is indicated in the data of G.L. Navyazhskiy (1948). 
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TABLE 51. THE NOLSE-NEADENING EFFECTIVENESS OF INDIVIDUAL MEANS OF NOISE PROTECTION 


Individual means of protection 


1. Endo-oral means of protection (plugs, 


2. &£ 


(*) 


Tranelator's note: 


tampone, inserts): 
cotton wadding tampone 
ultrafine fiberglass (UTV) tampons 
ultrafine fiber tampons FPP-15 
anti-noise plug of V.I. Voyachek 
ear plugs designed by 
A.I. Vozhzhova 
Dniepropetrovsk plugs of tne 
"Ukraina" factory 
“Rusaian diesel" ear plugs 
Noise filter designed by Aban‘kina 
vacuum anti phones of 
A.1I. Vozhzhova 


anti-noise devices of P.Ye. Kalmykova 19 
wadded-laminated anti-noise device of| 


¥.P. Kudryavtsev 


arphones: 

IGAL earphones with a viacous masa 

VIAM* earphones with a 
viscous mass 

acoustic filters of Polonskiy 

anti-noise eaiphones of the 
PI-2K type 

anti-noise earphones of the 
PN-1A or IS type 

anti-noise earphones of the 
PI-3 V4Sh vype (with a 
soft mount ing) 

anti-noise earphones of 
V.S. Baydin 

AG-2 set 

AG-4M set 

G63 set 

"Signal" anti-noise devices 

Kiev earphones without UTV 

Kiev earphones with UTV 

PAS-80 earphones 

MIOT** anti-noise devices of the 


BV-1 type 


of Aviation Materials. 


azs| 2 


neo w 


ay 
re IE 


Prequenc Hz ens 
50] 500| 1000 [2000] «ood 8000 


Average reduction of noise, dB 


3 8 15 16 
10 18 30 _- 
15 22 32 _ 
8 20 24 25 
12 15 30 <— 
16 18 25 _ 
4 4 10 - 
18 20 30 = 
17 20 36 38 
16 18 34 _ 
25 32 45 -_ 
25 25 25 55 _- 
30 30 Ku) 55 _ 
2 5 20 37 33 
20 20 30 | 34 40 
23 Ke 37 | 33 40 
10 t2 22 | 25 A) 
14 22 35 | 47 38 
3 2 to 18 7 
5 6 2t 27 30 
28 30 34 40 42 
1s 1s 2s | as! 30 
25 1s 40f 2} — 
35 35 4] 45 | — 
20 25 28 | 38 48 
9 1G 20 37 _ 


(Continued on following page.) 


Thie designates All-Union Scientific Revearch Inetitute 


CO) cranslator's note: This designates Moscow Institute of Work Safety. 
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TABLE 51. THE NOISE-DEADENING EFFECTIVENESS OF INDIVIDUAL MEANS OF NOISE PROTECTION 


(Continued) Frequency, Hz 


| 250 | 500 [1000 [2000 4000 | 8000 


Average reduction of noise, dB 


Individual means of protection 


3. Noise-deadening helmets: 
protective helmet of 
A.I. Vozhzhova 


sound-deadening helmet re 
lightened headphone (mesh) 
IGAL anti-noise device with cotton = 
wadding - 
anti-noise device with 
V.I. Voyachek compound = 


GAU* anti-noise device 


This "protection by time", meaning rest from noise in one occupation as well 
as a combination of occupations, i.e., periodical switching to work unconnected 
with strong nolse, which help rest and restore temporarily disturbed functions of 
the organism, will prevent the development of permanent damage in the human organism. 


Low frequency music of low intensity will also encourage more rapid recovery. 


In this connection, the studies of G.A. Suvorov are also interesting which 
compared pulse and stable noise on the basis of the generality of energy of the 
stimuli, which enabled the author to plan ways to reduce the unfavorable effect of 

pulse noise on the human organism. These are: 1) taking into consideration, 
-when designing industrial equipment, the fact that the effect of impulse noise on 
the human organism is reduced with increased pulse time up to 
100 m sec. Further increase in the pulse time does not weaken the activity 
of a pulee noise; the nature of ite effect on the organism with t over 100 msec 
is identical to stable noise of equal intensity; 2) filling in the pause between /289 
pulees with background noise, which reduces the severity of its effect on the 
organism. Comparison of noises of equal mean intensity has shown that the most 
tavorable is that “background- pulse amplitude" combination where the level of 
the background and the level of pulse noise approaches 0. When the difference is 
increased to 20 dB or more, the severity of the effect of noise on the organism is 
intensified; 3) the use of warning light and sound signals. It has been noted 


that a sound stimulus (a weak force) is most effective if it preceeds the noise 


k 
\translutor's note: Thie may designate Main Artillery Directorate. 


impulse by 300 m sec, and a light signal (flast. of neon tube) by 500 nsec; 
4) changing the operation of the noisy equipment to other speeds, where the para- 
meters of the noise would be permissible from the point of view of industrial 


hygiene (200 - 500 per minute range of pulse recurrence frequency). 


Organizational measures are very important in protecting the human orgéenism 
{rom the harmful effect of noise. They include: devising and establishing maximum 
permissible noise values, regulated by standard norms, health inspection, au well 
as conferences and seminars, lecturee and talks, the publication of special litera- 


ture, propagandizing the prevention of noise and effective measures to organize it. 


1n conclusion, we present medical treatment measuxes prescribed during poly~ 


clinical examination and in stationary conditions. 
Medical Treatment of Noise Sickness 


Early diagnosis of developing disease is an important aspect of effective 
mediczl treatment. 


In the presence of disturbances in the central nervous system of a functional 
nature, in the cardio-vascular system as well as in a number of sther organs and 
systems of man, observed as the result of the effect of noise, it is necessary io 
conduct complex therapy. 


Usually, general strengthening treatment is prescribed, regular nourishment, 
a strict sleep regime, ccmpulsory dsily airing for 1 - 2 hours. Prescribed are 
bromides, elenium, trioxazine, amicyl and sometimes soporifics. The use of glutamic 
acid and rutin is recommended. 


Physiotherapeutic treatment is widely used — galvanization according to the 
method of Shcherbak, d‘arsonvalism, static electricity, as well as salt-pine baths, 
sulfur baths, hand and foot baths before sleep. 


With pronounced ahyposthenic syndrome, besides the geseral strengthening treat- 
ment, stimulating preparations must be prescribed (limonene, gentian, securinine, /290 
caffeine, etc.). The use of vitamin therapy is widelv recommended for the success- 


ful treatment of noise sickness. Vitamin C is given for ite general strengthening 
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effect, and a complex of vitamins Bye Be and Bio which favorably affects the func- 


tional state of the central nervous system as well as nephritis of the auditory 
merve. Vitamins A and E are also recommended, which have a positive effect on 


circulation and increase oxidizing processes in the crganism. 


Some clinics have recently started to use tke radio-acoustic method of treating 
nephritis of the auditory nerve. Radio-waves used for the treacment are modulated 
by frequencies of sonic and ultrasonic ranges, which affect the nerve elements of 
the auditory analysor. As the authors note, this method has no side effects and 
does not cause irritation. At the moment this procedure is conducted, the patients 


feel only a slight sensation of heat (manfredi Angelo, Bombelli, Uga, 1963). 


In those cases when the patients complain of intra-oral noise, it is recom 
mended that sedatives be preacribed (bromides, luminal); favorable results of 


treatment with novocaine have alen beon described. 


In case of increased arterial pressure, besides the above mentioned measures, 
e rational diet is recommended, with restriction of food high in cholesterol and 
animal fats, smoking, and alcohol are proscribed and other irritating factors 
eliminated. In pronounced cases of increased erterial pressure, sedatives are used 
in various combinations (bromine, luminal, valerian, etc.), as well as neuroplegic 
substances, among which preparations of Rauwolfia were very important — reserpine 
etc., ganglion blocks (pentamine, dicholine, etc.) and sympatholytics (apressine 
etc.). 


In the presence of hypetonia in noise sickness patients, substances which 
increase vascular tone are recommended (phenamine, Chinese limonine, pantocrine, 


etc.). 


In cases of functional disturbances of the activity of the stomach, besides 
these general measures to strengthen the nervous «item, a sparing diet, and a 


vitamin complex as prescribed by S.M. Ryssa is recommended. 
One of the important stages in the whole system of medical treatwent measures 


of noise sickness patients is firmly establishing the results of treatment in 
health resort conditions (Ye.Ts. Andreyeva-Galanina, S.V. Alekseyev, 1968). 


: + one 


A.1. Nesterov, considering the complex effect of health resort treatment on 
the organism, attaches special importance to environmental factors, — getting {291 
away from ordinary every-day social surroundings and changing to a new medium, in 
an environment of rest, quiet and confidence in the success uf the treatment, which 
in turn has a positive effect on the functional state of the nervous system as 
well as other organs and systems of the person. The effect of natural factors — 
sir, sun, the sea, beautiful landscape, changing the usual regime to excursions, 
walks, and physical exercise will, in his opinion, lead the organism to a state of 
“physiological comfort." 


At the present time, great importance is attached to the treatment of noise 
sickness in health resort conditions at the Nal'chik-Dolinsk resort, where scientific 
and practical work is being carried out in a specialized section of the “Elbrus” 
sanatorium by doctors, together with workers in the department of Industrial Health 
of the Leningrad Medical Institute of Health and Hygiene, on determining the 


etfectiveness and refining methods of health resort treatment. 


Belorechenskiye and Dolinskiyemineral baths are being used successfully in 
the complex treatment aiministered by the doctors of the sanatorium. The favorable 
reactions of patients to the effect of Belorechenskiye mineral baths is connected 
with the increased positive tone of the cortex, helping to normalize cortico~sub- 
cortical relations, improving the functional estate of the cardio-vascular system 
because of the weak mineralization (M = 0.4 g/i and the high nitrogen gas content 
(49.1 cm/l). Belcrechenskiye baths do not usually cause a feeling of fatigue in 


the patteats and are easily tolerated. 


Dolinskiye mineral baths increase weakened active inhibition, quiet the etimu- 
latory process, reduce arterial pressure; single baths affect the tone of small 
arteries. Their positive effect in the treatment of noise sickness patients is 
probably connected with the large amount of bromine (0.36 mg/2Z). 


Concluding this section, we must note that little data on the treatment of 
nofse sickness has yet teen accumulated, and specialists are faced with the great 
tasks of refining indices, developing differential treatment complexes, and 


determining the effectiveness of the treatment measures being carried out. 
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